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IDEAS FOR ALL 


One of the troubles we have found 
in meeting engineers and manage- 
ment is the lack of understanding 
between different parts of the process 
industry. The root of the trouble lies 
in the complexity underlying modern 
processes, so that a person versed in 
distilling plant finds it difficult to 
appreciate the instrument problems 
of, say, chocolate manufacture. In 
CONTROL we have had articles 
on the basic problems—e.g. open 
hearth furnaces and textile manu- 
facture—and as time goes on we will 
have more of these popular explana- 
tions. However, this month we are 
trying another, more fundamental, 
approach. 

Every industry, regardless of size, 
has a number of parameters which it 
would like to regulate; for example 
the laundry industry is interested in 
pressure and temperature control. 
Our plan is to produce every month 
notes on some of the parameters, 
which will include pressure, tem- 
perature, flow, position, analysis, 
data-handling, weight and level as 
the most significant ones. The notes 
gathered together under ‘Ideas 
Applied’ are intended for the non- 
specialist engineer and_ technical 
director and will cover recent 
developments, instruments, case 

histories and application stories. In 
| this way we aim to provide cross- 


. Pye fertilization throughout industry. 
! We [e (2 [r i in G) ¢ poe) As an example of what the feature 
as will contain, we may mention that, 


| PURpS = ae, ‘ for those baffled by gas analysis, a 
Q 3) War er A S ‘ . ; 


3 (xfs series of short, pithy articles will 


I ANh {7 soon start on the state of develop- 
Liman (] [ea o] yy "B ment of the major methods. 
: This new feature is another service 
. ; for our readers. If you have any 
21, The Mall, Ealing, London, W.5. Telephone: EALing 4024 (PBX) : . 4 
Telegrams: Metripumps, London, W.5 ideas as to how we can improve it— 


Cables: Metripumps, London. even by stopping it altogether—then 
write and tell us. 
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Nothing in nature 
works harder than 
the heart. Today and 
every day, your 
heart will pump 8 tons 
of blood through liter- 
ally thousands of miles 
of tubes—yet it is no 
bigger than your fist. 
Considering their remarkable performance, some 
of our Metering Pumps are relatively small and 
compact. They are astonishingly versatile, too. 
In our Metripump range, for example, there 
are models fitted with steam jacketed pump 
heads, high pressure liquid sealed glands, or 
pump heads made in special materials, 

where the length of stroke can be 

varied from zero to maximum, either 
whilst the pump is in operation or at rest. 

And every model backed by a first-rate 

After-Sales service. Our Sales 

Representatives can service on the 
spot any pump in our range. We are 
sure that our Publication 101 will 
interest you. Ask us for a copy. 





— 


{ 


\pril 1959 CONTROL April 1959 ‘a 


9 


Tick Ne 60 on reply card for further details 


GEC Wistelerenace) me llcnher4a.c> 


no slip rings 
no commutator 
no photocells 


THIS ENTIRELY NEW type of transducer, for use in digital data 

handling and computer systems, gives a numerical representation of 

the position of a shaft or slide in the form of coded electrical signals SPECIFICATIONS 
without the use of slip rings, commutator or photocells. TYPE LD5-2 TYPE LB5-3 

Basically the digitizer is a transformer with a single exciting wind- 
ing and a number of secondary windings corresponding to the number 
of digits. The position of a moving yoke determines the polarity of 
coupling between the exciting winding and the various digit windings, 
which are arranged to conform to the requirements of the code. Either 

- pulse or sine wave excitation can be used. 

Shaft digitizers can be operated in coarse/fine combinations, an 
additional winding preventing ambiguity between the digitizers. 
Instruments can be supplied for 5-digit read-out in a size 11 standard 
synchro housing. The coding may be either in a binary form (type ! 5 in 

; . se Nominal output 1.5 volts r.m.s. 800 millivolts 
LB5-3) or in decimal form (type LD5-2). Other types of digitizer, e.g. maximum r.m.s. maximum 


those having a 7-digit read-out in a size 23 housing, are in an advanced British patent applications Nos. 11280[57 1051|59 and 1052/59 
stage of development. 


Mechanical Input Shaft rotation Shaft rotation 


Code 5-digit cyclic binary 5-digit cyclic 
coded decimal binary 


Resolution 1 in 20 fora 1 in 32 fora 
single instrument single instrument 


Frame size Similar to a size Similar to a size 
11 synchro 11 synchro 


Typical excitation 10 voltsr.m.s. at 8 volts r.m.s. at 
20 ke/s 20 ke/s 


Please address specific enquiries and orders to: 


ELECTRONICS DIVISION 


The General Electric Company Limited of England 


TELEPHONE, RADIO AND TELEVISION WORKS - COVENTRY - ENGLAND 
G.E.C. 30 


CONTROL April 1959 











it 


and 


LAND 
G.£.C. 30 


. 





Tick Ne 61 on reply card for further details 


WHATEVER THE ANGLE 
















Pneumatic 
cylinders 
are right 


Minor, 
Standard and 
Heavy Duty 


MARTONAIR 


Telephone: RiChmond 220! 
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LIMITED 
PARKSHOT: RICHMOND: SURREY | 


LETTERS TO CONTROL Sir! 
& 


The Editor welcomes correspondence for publication. 


A primary technology 


SIR: I agree entirely with what you say in your March 
leader as to the future importance of automatic control 
and the need of our people to pay much more atten- 
tion to it, in view of its effect on the export market. 
You may remember that in my Presidential Address 
to the Society of Instrument Technology | did stress 
the importance of the training both of the technologists 
and the technicians, but very little has happened since 
then. 

1 think there is a dual problem as regards technolo- 
gists. In addition to a National Control School | am 
sure it is important to get control engineering recognized 
as a primary technology—one of the fields in which 
engineers can specialize. At the moment the only 
professorship of control engineering is at McGill ; 
what a pity we let d’Ombrain leave this country. 
London, W.2 HAROLD HARTLEY 


Dependence diagrams in control engineering 


SIR: In order to study the working of any physical 
system, especially that of a servo, one must define the 
possible variables of the system in terms of the system 
parameters. For example, in a simple d.c. machine the 
system variable may be the voltage applied to the field, 
the excitation current, the pole flux, the generated 
voltage, the load current, etc. These quantities are inter- 
dependent and can be related to one another in terms of 
parameters such as the field resistance, the number of 
generator poles and conductors, the shaft speed, etc. 
These relations can be expressed in mathematical form 
or described by experimental data. 

The interdependence of these quantities can also be 
readily demonstrated diagrammatically. Such a dia- 
gram, termed a dependence diagram, would show a chain 
of action, illustrating the scheme of dependence in a 
cause-effect sequence. It can also serve as a means of 
studying the system and can be a useful tool for its 
analysis or synthesis. Several authors have developed 
sets of rules for the manipulation of these diagrams and 
the technique has been used in recent publications. The 
development of the technique has been associated with 
servo systems and the terminology contains such words 
as ‘signals’, ‘feedback’, ‘self-feed’, etc. The method, 
however, has wider applications and should not be 
restricted to servo studies. The principle can be put to 
greater use, especially in universities and technical 
colleges, and I should like to know if other engineers 
have used the principle with advantage. 


Bangalore, India P. J. BHATT 


Wrong missile jargon? 


SIR: I am sure we all welcome the appearance in 
CONTROL of authoritative articles on guided missiles and 
I hope the authorities will be able to further relax the 
restrictions imposed on the publication of information 
on this vitally important aspect of control engineering. 
But surely little is to be gained in perpetuating ter- 
minology which is neither correct nor approved? 

The development of missile engineering from aircraft 
manufacture has led to many ‘time-honoured’ expres- 
sions and terms being carried forward into missile 
technology, primarily because aircraft firms have been 
the main contractors. 

Obviously another ‘glossary-to-end-all-other- 
glossaries’ is necessary, but the only one which will 
carry weight is the one that has Ministry approval, 
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a @& NEW 


HIGH SPEED 
PANEL MOUNTING 


ELECTRO-MAGNETIC 
COUNTER 





with 
% This counter can be 
supplied with the first 


INSTANT 
wheel graduated 0 to 9 


ELECTRIC RESET ah gp ta 


This counter embodies all the well tried features of our Type 100 Electric 
Counters, plus electric reset. This form of reset is particularly useful where 
a number of counters are required to be reset at the same time. 

Coils for both resetting and counting can be supplied for operation on 
the following voltages :— 24/48 volts D.C., 110/115 volts A.C. 50 and 60 cycles 
and 230/250 volts A.C. 50 cycles. A further model is now available with 
improved push button manual resetting facilities which ensure that the 
counter is virtually sealed. 


Write for full details See our Exhibit 
at Stand No. H.28. 
° FACTORY 
Ou nting EQUIPMENT 
EXHIBITION 





nstruments Ltd EARLS COURT, 


COUNTING INSTRUMENTS LTD, 5 ELSTREE WAY, BOREHAM WOOD, HERTS Tel: ELStree 1382 (4 lines) 
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why Industry is buying 


we 


, hy 
OWES RT Coe Oe eae 


; 
: 
i 
: 


REGD. TRADE MARK => 


i Quality 


2 Competitive 
prices 


3. Quick delivery 


PPR Na a net a DORE Ace 5 Pe mite 


Judge ARCA Control Equipment at the 
Engineering, Marine, Welding and Nuclear 
Energy Exhibition, National Hall, Olympia, 
16-30 April, Ground floor, Stand 2, Row S 


BRITISH ARCA REGULATORS LTD., 
Sisson Road, Gloucester (Gloucester 24901) 


London Office: 25, Victoria Street, S.W.1. Abbey 4121 
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@ Please tell us what terms are not standard and we will 


REME: reader and editor 


@ We are, of course, delighted to learn that you are finding 


Projection, not edge-lit 


Continued from page 59 Sir ! 


because the terms it contains will be used in contract 
procedure. 

Since CONTROL has wide circulation amongst missile 
men, can the definitions of missile terms be referred to 
the appropriate authorities before we add further to the 
abundant collection of doubtful meanings? CONTROL 
would then afford the missile industry the greatest 
possible assistance in this respect. 
Pioneer Designs Ltd. 





M. D. HULL 


correct them. We understand that the Ministry of Supply 
has circulated to Service establishments and the g.w. 
industry part of a standard glossary of g.w. terms, but 
this is not yet complete. Since this glossary is apparently 
not available to the general public, as is a British 
Standard, we doubt that you can logically talk about 
terms being ‘neither correct nor approved’.—EDITOR 


SIR: Recently I came in contact with your publication 
CONTROL and found it extremely interesting and benefi- 
cial. I am hoping to interest my Commanding Officer in 
providing this as a regular periodical in the unit’s 
Educational Room. This unit is responsible for the 
training of all REME’s electrical control equipment 
tradesmen, and so I hope that this will be possible and 
my numerous fellow tradesmen will benefit. 


5th Training Battalion, REME, Arborfield A. LEE 


CONTROL useful at Arborfield, especially since we regard 
Service readers as a very important part of our ‘user’ 
readership. You may be interested to know that CONTROL’S 
Technical Editor, David Rayner, enjoyed some training 
at the Sth Training Battalion of REME as a control 
equipment mechanic, during his National Service three 
years ago.—EDITOR 


SIR: We have read with great interest the article by Mr 
Fischbacher on ‘Digital Techniques’ in the March issue. 
Unfortunately, however, we note that the caption to 
Fig. 11 of this article is incorrect, since it refers to edge- 
lit in-line indicators instead of the projection type 
illustrated. 

The projection type is superior to the edge-lit type 
because: 
(a) It has a wider viewing angle—80°—and bolder lettering, 

which makes it more suitable for viewing at a distance. 


(b) Every figure is seen in the same plane. 
(c) It is more easily fitted with special signs or characters. 


Hilger & Watts Ltd Cc. H. FAGAN 


No control by correspondence 


SIR: Probably your country offers more opportunity 
than Australia for training in the specific technology 
of control engineering. Can you tell me if any of your 
large teaching institutions offer courses in control 
engineering to be done by correspondence (say from 
Australia)? 


Gymea Bay, NSW J. R. MCALLISTER 


@ We do not know any correspondence courses entirely 
on control engineering, although courses exist on allied 
subjects, e.g. instrument technology and production 
engineering, of which we are sending you details. Some 
of the larger correspondence schools have offices in 
Australia. Principals of correspondence schools, please 
note the need for control courses.—EDITOR 
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New oscillograph 1059 


*TRUE 


DOUBLE-BEAM 
OSCILLOGRAPH 


there is no beam switching. 


CATHODE-RAY TUBE 


Cossor 4 in. (10 cm.) double-beam, p.d.a., 
type 93D with green fluorescence, operating 
with overall accelerating potential of 3 kV or 
6 kv. 


Yi AMPLIFIER 

1 c/s to 10 Mc/s (30% down). 

Rise-time : 0.04 psec. 

Output deflection : 6 cm (4 cm at 10 Mc/s). 
Sensitivity : calibrated 100 mV/cm to 10 V/cm. 
Sensitivity control : in steps 3:1 and 10:1 with 
continuously variable intermediate control. 


Input Attenuator impedance: 1.2 MQ and 
65 pF. 


Y2 AMPLIFIER 


Identical with Y1 amplifier. 


SIGNAL DELAY 


200 muysec approximately. Not more than 
10 mysec differential between channels. 


PRE-AMPLIFIER (2) 

Gain 10. 5 c/s to 200 kc/s (30% down). 
Input Resistance: 3 MQ. 

One for Al amplifier, the other for A2 or X 
amplifier. 


ADVANCED 


True double-beam—i.e. both 
beams use a common x-axis and 


PROBES (OPTIONAL EXTRA) 


Frequency-compensated “L’’ attenuator. 
Input impedance: 6 MQ and 15 pF. 
Insertion loss: 10:1. 


TIME-BASE 

Triggered. 

Range: 0.03 psec/cm to 15 msec/cm in eleven 
steps. Triggered from positive or negative 
signals derived externally or from Y1 
amplifier. 

Sensitivity: pulse—1 cm. deflection or 2 V 
external. Sine wave—2 cm deflection or 2 V 
r.m.s. external at frequencies up to 5 Mc/s. 
Expansion amplifier, continuously variable 
gain up to 5 times. Time-base output avail- 
able at front panel on slow speed ranges. 
Delayed time-base: continuously variable 
delay 2 psec to 150 usec. Delay jitter not 
greater than | part in 1,000. Sensitivity pulse 
—1 cm deflection or 2 V external. 


X AMPLIFIER 

10 c/s to 750 kc/s (30% down). 

As time-base amplifier : continuously variable 
expansion up to 5 times. 

As independent X amplifier: sensitivity vari- 
able from | V/cm to 100 V/cm in 5 ranges. 








CALIBRATION 


Voltage measurement: internal calibrating 
voltage (square wave) referred through sensi- 
tivity control of the amplifiers. Accuracy + 3%. 
Time measurement: by directly calibrated X 
shift control (+5) and/or by 20 mysec(+3%) 
black-out pips (for accurate measurement of 
rise-time). 


POWER SUPPLY 

Mains: 100 V to 130 V and 200 V to 250 V. 
Frequency: 50 c/s to 100 c/s. 

Consumption: 550 W. 

Internal supplies are stabilized where neces- 
sary. 


SIZE AND WEIGHT 


Height: 174 in. (43.2 cm). 
Width: 12 in. (30.5 cm). 
Depth: 24} in. (62.9 cm). 
Weight: 80 Ib. (36.3 kg). 
ACCESSORY 


Camera Model 1428. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (33 lines). 


62 


Telegrams : Cossor, Norphone, London. 






Cables: Cossor, London. 


Code: Bentley’s Second. 
TAS/CI.@ 
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CONTROL 


Hush - Hush 


NY JOURNALIST WHO WRITES ABOUT NEW 
industrial installations knows how varied 
is the attitude of British industry towards 

releasing information for publication. CONTROL’s 
editorial staff is well placed for observing this 
variation since users of instruments and autocontrol 
systems are to be found in many different industries, 
and the differences in outlook arise in general 
between different industries rather than between 
individual firms in the same industry. Thus steel 
and paper makers are usually cooperative over 
editorial publicity for their new installations; 
chemical and confectionery firms are often obstruc- 
tive. Naturally, the excuse for withholding informa- 
tion indefinitely is “commercial security’, but the 
real reason often lies in an industry’s tradition or 
perhaps in small-minded managers who do not 
want outside light thrown on their own organiza- 
tion. Saying ‘No’ is easy and safe. 

Does this reticence matter? We believe that it 
does. Not because of any difficulty or waste of time 
it causes CONTROL and other technical magazines. 
That is part of the stuff of journalism and in any 
case we have more good material to put into the 
pages of CONTROL each month than space permits. 
Moreover we are not perturbed in principle if, say, 
the chemical industry receives relatively less 
mention in our pages than the oil industry. But we 
fail in our job if we cannot describe the progress of 
instrumentation in industry as a whole. For public 
emphasis on the achievement of new installations 
will contribute to national prestige and, more 
tangibly, help instrument firms to obtain exports; 
again it may sow the seeds of new ideas on instru- 
mentation in other industries, and this interchange 
of jdeas is, we feel, one of the most important parts 
of CONTROL’s job. Normally an article in the 
technical Press on a new installation will not tell 
the people that matter in a competitive firm any- 
thing that they have not learnt already from patent 
specifications and by ‘bush telegraph’. But an 
account of, say, new flowmeters at Cadbury’s 
Bournville works may throw out one or two 
pointers that are useful to instrument engineers in a 
brewery or oil refinery. The need to modernize 
British industry is much more urgent than many 
people imagine; no user firm of standing-which has 
sponsored a new development in instrumentation 
or autocontrol can afford to hide it under a bushel. 
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Publicity in a multi-industry magazine such as this 
can bring it to the notice of other industries, while 
patents and the advantage of getting in first will 
protect the firm against competitors. 

Indeed instrumentation and control, although 

very much mixed up with the relevant plant and 
equipment, are a kind of common factor throughout 
many industries—like machine tools, packaging 
and management techniques. In CONTROL our 
concern is this common factor rather than confiden- 
tial processes and manufacturing techniques, and 
it is a common factor which is now of critical 
national significance. Thus it is inconsistent for a 
great firm such as ICI, with a reputation for 
advanced process control, to make known their 
developments in work study, to support generously 
the Industrial Fund for the Advancement for Scien- 
tific Education in Schools, to publish (and subsidize) 
a journal of the calibre of Endeavour, and yet 
refuse to issue more than a tittle of information 
about the instrumentation of their new hydrogen 
plant at Billingham or about the use of a digital 
computer in their paint factory at Slough. In this 
respect ICI, normally quite public-spirited, are fail- 
ing in responsibility to British industry as a whole. 
But ICI are of course not the only sinners. As another 
example of this tight-lipped attitude, we may 
perhaps quote the recent refusal of Courtaulds to 
allow members of CONTROL’s editorial staff to visit 
their research laboratories at Coventry, let alone 
publish anything. While we take this as a tribute 
to CONTROL’s reputation for gleaning useful inform- 
ation, it is a sorry reflexion on the outlook of one 
of Britain’s important industries. 

On this question of useful publicity Britain has 
something to learn from the USA. In tune with their 
national outlook, American industrial firms are 
more open-handed than their British equivalents, 
and there is freer discussion in their technical Press. 
What so many British industrialists need to realize 
is that the very future of this island in the last 
third of this century depends on their efforts now. 
Telling other industrialists at home and abroad of 
their achievements in autocontrol is going to do 
themselves and the British nation more good than 
partially hiding them—through a mistaken tradition 
of reserve and fear of conapetition. 
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For unfailing operation 
under all conditions 


Watts, Blake and Bearne 


Correct sequence and dependable full-bore opening are 
essential for the remote control of valves controlling the 
flow of china clay slurry from settling tanks via pressure 
vessels to filter presses. At the Cornwood quarry of 
Messrs. Watts, Blake and Bearne, the pipeline valves over 
an area of several acres are operated pneumatically from 
a single control panel adjacent the filter presses. The 
six-inch diameter slurry pipelines, Tee-port valves, 
MAXAM control valves and MAXAM pneumatic cylin- 
ders are exposed on high moorland country, but the 
control system never fails—even when adverse weather 
conditions may affect the operation of the equipment. 
MAXAM pneumatic/hydraulic equipment has proved 
completely reliable in every undertaking— mines, quar- 
ries, sand and shingle excavation sites, cement handling, 
or road-stone grading and coating plant — where dust and 
exposure would normally cause rapid wear and unreliable 
operation of controls manufactured to traditional patterns. 







POWE 


In fast, automatic machines designed for the re- 
peated operation of several interlinked sequences 
necessary in flow production, MAXAM valves, 
cylinders and associated products have similarly 
demonstrated prompt, precise and unfailing re- 
sponse : 66°, of current production is for companies 
whose designers — with experience of MAXAM performance and 
reliability —have planned their future flow production machines with 
MAXAM Fluid Power in mind! 


If you are a Chief Draughtsman, Works Manager, Production Head, 
or other person seriously interested in safely increasing productivity, 
please send for our catalogue. 


MAXAM POWER LIMITED 


Camborne, England. Camborne 2275 (10 lines) 
London Office: 
44 Brook Street, W.1. HYDe Park 9444 


A company in the Holman Group which has branches, technical represen- 
tatives and agents throughout the United Kingdom and the world 
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A monthly article by a promin- 
ent man in the control industry 
on a subject chosen by himself 


INDUSTRY'S VIEWPOINT 





Instrumentation and control make 
for economies says Smiths & Kelvin 
Hughes’ G. B. G. Potter*, in calling for 


. si 7 - 









Better use of Britain's capital 


OVER THE PAST DECADE WE HAVE WITNESSED IN 
this country a growing realization of the poten- 
tialities of instrumentation and automatic control 
of industrial functions. But are we as a nation 
reaping the harvest fast enough? 


The vast capital investments and assets necessary 
in present-day industrial Britain are such that we 
cannot afford to overlook the economies and opera- 
tive improvements which the use of instruments 
and automatic control can, and must, bring about. 
Only by a much greater rate of change-over to 
automatic control, can the optimum use of British 
capital be attained. 


In a shrinking world and with growing overseas 
competition, it is vital that management should be 
aware of the financial benefits which automatic 
control can achieve. We must accept that instru- 
ments and automatic control provide more con- 
sistent results than human beings: the role of man 
must become one of supervisor, rather than of slave. 


In the aviation industry, for example, airlines 
operating aircraft costing several million pounds 
cannot afford delays from fog or bad weather; 
neither can their passengers. Operations must be 
kept moving and here electronic control is taking 
over. Instrument systems are replacing individual 
instruments. Transistors are enabling complicated 
electronic equipment to be reduced in size for air- 
craft installation. Already, the automatic pilot 
linked with these flight systems, not only flies an 
aircraft, but orientates it on to radio beams and 
brings the aircraft onto the glide path, and indeed, 
down to within 200 ft of its home runway. 


Blind landings are now a proved possibility. Over 
2000 experimental landings have been made already 
by aircraft of the Blind Landing Experimental Unit 


* Managing Director of Kelvin & Hughes and Smiths Aviation 
and Marine Divisions. 


CONTROL April 1959 


at Bedford, again showing how automatic con- 
trol may help to save the airlines tens of thousands 
of pounds by giving them a better utilization of 
their investment in aircraft. 

In shipping, instrumentation and automatic con- 
trol are serving capital. Shipping companies have 
been quick to realize the advantages which echo 
sounding, radar, and modern hyperbolic naviga- 
tional aids can provide in keeping their ships 
moving. Harbour radar and v.h.f. radio communi- 
cation, as in airport control, may ultimately lead 
to the safe docking of ships, irrespective of weather 
conditions, and it is possible to foresee further 
development in marine instrumentation to the stage 
where automatic pilotage becomes commonplace. 
Centralized bridge control of all switches, indicators, 
and controls, is already here. 

In the industrial field, automatic control can 
yield rich rewards. The completely automatic fac- 
tory is more than just a vision. Automatic boiler 
control by itself can show a considerable increase 
in boiler and plant efficiency over manual firing. In 
one plant installation the economies derived from 
six months’ operation of automatic control paid for 
the cost of installation. Here, coal consumption 
dropped from about 8500 tons per year to about 
7700 tons for the same output of steam. 

These examples all add up to one thing. Instru- 
mentation and automatic control pay off. If the 
maximum return and use are to be gained from 
capital investments, instrumentation and control 
must be applied wholeheartedly to every facet of 
Britain’s industrial endeavour. 
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If the running costs of boilers 
affect you, read this review 
of how instruments and auto- 
control can improve efficiency 


FOR MANY YEARS NOW FIRMS HAVE BEEN CONSCIOUS OF 
the need to raise boiler efficiencies. During the immediate 
post-war years there was a scarcity of all fuels, and even 
today when firms have a wider choice the high cost of 
fuel stiJl acts as a powerful lever to encourage the 
obtaining of the best possible efficiencies. As has been 
clearly shown the installation of mechanical stokers 
increases plant efficiencies. For example, in tests on 555 
Lancashire boilers, 313 were fitted with mechanical 
stokers and had an average efficiency of 65%, while the 


Cutting Boiler Fuel Costs 


by W. SHORT, B.Sc., M.INST.F., 


Area Manager for Wales, National Industrial Fuel Efficiency Service 


other 242 were hand fired with an average efficiency of 
only 59%. (J). 

However, even with mechanical firing, poor combus- 
tion conditions can reduce plant efficiencies. In the same 
sample of Lancashire boilers, over 90%, which includes 
most of the mechanically fired ones, had CO, readings 
of less than 9% in the flue gases and only 2% had CO, 
readings of 11 % or better (7). For any given boiler once 
attention has been given to the standard of insulation, 
cleanliness of heating surfaces and elimination of air 
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Coking stokers 

The fuel is fed on to the front of a 
grate consisting of bars which have a 
reciprocating motion. This causes the 
fuel to move along the grate as it burns, 
and the ash is discharged over the back 
of the grate so that it can be removed 
from the flue tube, usually from the 
front of the boiler. 


Chain grate stokers 


Fuel is fed from a hopper on to a grate 
consisting of a large number of small 
links fastened together into a loop or 
chain. The fuel burns on the upper 
strand and the ash is discharged at the 
rear, while the chain returns to the front 
of the boiler. Often a pressure box is 
fitted between the upper and lower 
strands of the chain so that air can be 
blown through the links and so through 
the fuel bed. The amount of fuel passing 
to the chain is controlled by varying its 
depth with a ‘guillotine, and by con- 
trolling the speed of travel of the gate. 





Sprinkler stoker 


Fuel from a hopper is fed to either a 
small shovel or reciprocating bar which 
throws small increments onto the grate 
with three or four lengths of throw, or 
to a rapidly revolving paddle which 
sprinkles the fuel onto the grate. This 
type of stoker can be used with a fixed 
grate, on which ashes and clinker 
collect and have to be removed by hand 
at intervals, or a reciprocating bar grate 
can be used which causes a gradual 
travel of the fuel bed and discharges the 
ashes over the rear of the grate. 


Underfeed stoker 


A worm or screw type conveyor is 
used to carry fuel from a hopper to the 
bottom of a ‘firepot.’ The fuel rises into 
the burning zone and the firepot has air 
slots or tuyéres cut into the sides and 
top through which air can be forced 
into the fuel. Usually one motor is 
used to operate both the fan for this air 






and the screw conveyor. The ash 
accumulates above and around the 
grate and has to be removed by hand 
periodically. 


Forced draught 


This term is used when air is supplied 
under pressure from a fan, or other 
equipment, into the actual furnace. With 
coal most of this forced draught is 
supplied through the grate to the fuel 
as primary air, although sometimes a 
proportion is passed over the fuel bed 
as secondary air to assist in burning off 
combustible gases. 


Induced draught 


This refers to the use of a fan to 
remove the gases from a boiler by 
creating a suction at the gas exit. Many 
modern boilers have a fairly high 
resistance, so that natural draught from 
a small chimney would not be sufficient 
to create sufficient gas flow to give the 
required fuel burning rate. 
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infiltration into the flues, the combustion conditions 
determine the efficiency and with solid fuel and the right 
equipment, 11 % CO, should be obtainable. 

The financial implications can be estimated from other 
information available. Tests on 995 Lancashire and 
Economic boilers showed the average coal consumption 
to be 1400 tons per boiler per year and the average 
efficiency just below 65 % (2). Thus, the fuel cost is about 
£8000 per boiler per year, and a 5% inorease in efficiency 
would represent a saving of about £600 per boiler per 
year. Even with smaller boilers, the fuel costs are apprec- 
iable. Figures obtained from 188 vertical boilers (2) 
showed the average coal consumption to be 540 tons, and 
efficiency 58 %, giving an annual fuel cost of about £3100 
per boiler, and a saving of about £270 per boiler per year 
with a 5% improvement in efficiency. 


Training of boiler operators 


One way to try to improve combustion efficiency is to 
ensure that the man operating the plant is trained 
properly, and understands exactly what is happening in 
the furnaces of the boiler or boilers under his charge. 
There is no doubt that proper training of the man does 
improve the boiler performance, and sometimes large 
fuel savings, exceeding 10%, are reported. Naturally the 
improvement is dependent on the enthusiasm of the 
operator once he has been trained, and in turn his 
enthusiasm may depend on a financial incentive. Also 
he has to make decisions continually, balancing fuel 
supply, draught and the other factors, to maintain good 
combustion conditions and at the same time to keep a 
steady boiler pressure. He obtains some assistance from 
boilers of the Lancashire type which, owing to their large 
water capacity, tend to even out slight load fluctuations, 
but with other shell boilers, and even more so with water 
tube types, the reduced water capacity means that load 
fluctuations affect the boiler pressure quite rapidly. 

The average pressure gauge on a fairly small boiler has 
such a close scale of graduation that an alteration of up 
to 5 lb/in? may be necessary, depending on the standard 
of illumination and the position of the gauge, before the 
operator notices it and can then take the necessary steps. 
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If the pressure is rising rapidly, it may be necessary to 
take drastic action, possibly shutting dampers completely 
and stopping the fuel feed, to prevent steam blowing-off 
and good combustion conditions may be lost and not be 
recovered for some time. If this is followed by a sudden 
heavy increase in load, the fires may have to be built up 
rapidly and smoke may be caused. Offences under the 


CASE HISTORY—1 
A range of Economic boilers, with 
coking stokers, had a system similar to 


Fig. 5 installed. A fuel saving of 5°, was 
obtained, and the equipment was paid 
for in a few months. 





Clean Air Act may attach financial penalties on top of 
any extra cost of fuel caused by poor combustion. 


Installation of instruments 


To help overcome these difficulties and to give further 
information to the operator, instruments can be installed, 
which he should be able to interpret once he has been 
trained. These broadly fall into two main classes, those 
which warn of changing loads, and those which assist in 
maintaining good combustion. Again these are only of 
use if the operator observes them and reacts as soon as 
the first slight change is indicated. 

In the first class can be included steam flow indicators 
or recorders, and pressure recorders or very sensitive 
(critical) pressure indicators. Of these, the steam flow 
indicator gives the quickest warning of changing load 
conditions, often some minutes before appreciable altera- 
tion occurs in boiler pressure. 

In the second class flue gas analysers, showing either 
CO, or O, content, can indicate the excess air used in 
combustion and show deviations from an optimum value. 
Draught gauges assist in setting dampers and sometimes 
air flow indicators or recorders are fitted, more often on 
the larger boilers; a combined meter is often used to 
assist in balancing steam and air flows. Temperature 
indicators or recorders are not really a primary instru- 
ment for giving information on combustion efficiency on 
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any given boiler plant, though very useful in detecting 
deterioration in performance due to fouling, scaling or 
possibly air infiltration. 

With all these instruments, the operator has to divide 
his attention among several dials, pointers or charts, and 
has to make adjustments to combustion on a ‘little and 
often’ basis. For short periods fine results can be ob- 
tained, approaching the optimum, but other things may 
distract the operator’s attention. He may have to trim 
coal, fill stoker hoppers, remove ashes and clinkers, oil 
and grease moving parts at intervals, attend to the feed 
pump, and if he has some pride in his job keep the 
boilerhouse tidy. All these items take time and although 
he is in ‘continuous’ attendance, it may safely be suggest- 
ed that there may be an average ‘delay’ of a minute or so 
before changes in instrument readings are noticed. 

Many firms try to operate systems giving advance 
warning to the boilerman of impending load changes to 
allow him to anticipate them, and to alter his fuel burning 
rate before a change in boiler pressure actually occurs. 
These systems are subject to the human element, warn- 
ings may be given too early or too late, or worse still not 
at all, and on the receiving end the correct degree of 
adjustment may not be made. 


The possibilities of automatic control 


I hope that previous sections have shown that optimum 
efficiencies can only be obtained from boilers by frequent, 
or continuous, adjustment of combustion conditions so 
that the load requirements are met, and the minimum 
amount of excess air is used compatible with efficient 
smoke free combustion. Even with fairly steady loads 
this is difficult to do by hand unless assisted by good 
instrumentation, and the difficulties increase with fluctua- 
ting loads and with boilers of high rating in relation to 
water content. 

The water level is another item the operator has to 
watch, and many firms have fitted automatic controllers 
which maintain the level within close limits and relieve 
the operator of the need to make frequent manual adjust- 
ments. However, although firms will pay for these devices, 
which certainly improve plant efficiencies and enable the 
operator to devote more time to other factors, they may 
not realize that other factors can also be brought under 
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automatic control for an expenditure usually recoverable 
quite quickly by fuel savings. 

The automatic control of combustion means that 
changes in load or pressure are detected far more rapidly 
than by manual control, and that the correct action is 
taken to restore the position. With the more ambitious 
control schemes combustion conditions are monitored 
and further corrections made to ensure that the best CO, 
figures are maintained at all loads. The operator has 
more time available to supervise the plant, and in some 
cases with a battery of several boilers automatic combus- 
tion control may allow a reduction in the number of 
operators. Even on single boiler installations the operator 
may now be able to do a small amount of other work 
which does not take him away from the boilerhouse for 
lengthy periods. 

In my view, automatic control should not be con- 
sidered as a substitute for training the operator. With any 
system of control, conditions may drift away from the 
optimum, e.g. owing to change in fuel quality. Unless this 


CASE HISTORY—2 


A single 14,000ib/h Economic boiler 
with coking stoker was fitted with a 


system as in Fig. 5. Steam pressure is 

maintained constant at all loads and an 

operating efficiency of 83°, is reported 
over long periods. 





is recognized and corrected the control equipment may be 
maintaining uniformly poor combustion conditions. Also 
the operator must be prepared and trained to take over 
manual control while servicing of equipment is being 
carried out, or in the event of failure of any component 
of the control gear. 

The remainder of this article considers the forms of 
control available. While pressure and steam flow are 
mentioned in every case, it should be realized that 
exactly the same principles can be applied to high or low 
pressure hot water boilers, using temperature instead of 
pressure as one of the controlling items. Similarly, 
although automatic water level control has been men- 
tioned already, it is not actually a necessary requirement 
for automatic combustion control on the relatively small 
boilers discussed. If the operator is to be absent for 
periods, then water level should be controlled and alarms 
also fitted. In the schemes discussed no mention will be 
made of control of water level. The forms of control 


Fig. 4 A completely series control 
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considered are those suitable for shell type boilers and 
the smaller water-tube boilers, up to individual boiler 
ratings of, say, 30,000 lb steam/hour. Much more com- 
plicated systems exist, but are ruled out of this discussion 
on price grounds. 


Simple on-off and high/low /off control 


The ordinary underfeed stoker, using coal or the oil 
burner units for domestic and the-smaller industrial 
boilers, operates under on-off control in most cases. A 
pressure controller stops the motor or motors supplying 
air and fuel to the furnace when the pressure rises to a 
preset value and starts them when the pressure drops to 


CASE HISTORY—3 


A firm with five Babcock & Wilcox 
boilers, each rated at 10,000lb steam 
per hour, fitted a control system similar 


to Fig. 3. A fuel saving of 3°, was ob- 

tained and, in addition, a constant steam 

pressure was obtained which greatly 
assisted process users. 





a lower value. With the oil burner, the start-up procedure 
is a little more complicated owing to the provision of an 
ignition device and flame failure control, but the basic 
on-off principle is the same. A similar scheme can be used 
for hand-fired boilers using forced draught where the fan 
motor is started and stopped as required. 

This simple control leaves variation in fuel burning 
rate to the operator. With an underfeed stoker the gear 
speed has to be selected by him so that fuel is burned at 
such a rate that the steam pressure rises, i.e. output 
exceeds demand; otherwise the control cannot function 
to maintain a relatively steady pressure. Similarly, with 
an oil burner the metering valve or orifice size have to be 
set by the operator. This means that the plant is subject 
to fluctuating temperatures in the furnace and flues, 
particularly with oil, where no body of fuel remains. 

There is also a tendency to overshoot the control 
limits, particularly with solid fuel. For example, when the 
upper limit is reached and the controller stops the fan 
(and fuel feed if an underfeed stoker), the fuel bed temp- 
erature drops fairly slowly, and so pressure may rise a 
little further before it starts to fall again; conversely when 
the lower limit is reached and the motor starts, a little 
time elapses before the fuel bed temperature rises 
sufficiently to halt the falling pressure. 

Some improvement can be obtained by installing a 
modified controller with three pressure-actuated positions. 
When pressure rises, instead of stopping the fuel and air 
feed, a small actuator is used to alter these to a low setting. 
On an underfeed stoker a small motor might be used to 
move the gear lever to a lower fuel feed position and the 
forced air damper to a partly closed position. With an 
oil burner, the oil and air supplies are simultaneously 

reduced. If the pressure continues to rise a higher setting 
of the controller is reached and the fuel and air feed is 
stopped completely. The equipment thus functions 
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normally between the ‘high’ and ‘low’ settings, with 
occasional ‘off’ periods when the load is very light. This 
reduces the over-shoot tendency, and also the fluctuations 
in temperature. With oil burners it reduces the number of 
ignitions and the possibility of smoke emission due to a 
flame being re-established after the refractory lining 
has cooled. 


Simple modulating control 


The high/low/off system can be further improved by 
using an actuator to operate the air and fuel regulators 
so that they are moved to any position between full and 
minimum burning rates. This movement can be made 
proportional to the departure of the steam pressure from 
the desired value, so reducing overshoot to negligible 
dimensions and giving a continuous modulating action. 
With mechanical stokers a reversible actuating motor can 
be fitted on the air supply damper, and the fuel feed con- 
trolled by a variable speed motor; or a constant speed 
motor can be used, operating on a time cycle, where its 
running time over a fixed cycle (usually 60 or 90 sec) is 
varied. With an oil burner, a single reversible actuator can 
be used to control oil and air supply by suitable linkages. 

It is important to realize that the control methods 
discussed so far depend for their success on accurate 
manual setting of the fuel/air ratio. Fine adjustment of 
fuel/air ratio over the whole range of modulation is 
usually achieved by a mechanical device, such as an 
adjustable profile cam. Especially with the modulating 


Fig. 5 A part- 
icularly effective 
control for cok- 
ing type.stokers 
working under 
natural or in- 
duced draught 





type a considerable time can be spent adjusting the fuel 
and air supply to give continuously high combustion 
efficiencies. A change in fuel, particularly on a solid fuel 
appliance, may mean that a new fuel/air ratio is necessary, 
and further time has to be spent on adjustments. Further- 
more, variations in draught conditions can upset the 
CO, values, and with the first two systems, seasonal 
variations in load may make periodic alterations in the 
‘high’ (and ‘low’) burning rate necessary, either to enable 
the plant to deal with increasing load, or just as important 
to prevent the plant being ‘off’ for long periods due to 
decreased load. 

The simple controls already mentioned do not maintain 
a constant furnace suction over the varying fuel burning 
rates, so that normally the chimney damper, or induced 
draught fan, is set to give a slight furnace suction at the 
highest burning rate. With packaged type oil fired boilers, 
a different solution is adopted since in many makes the 
furnace is maintained under pressure by the forced 
draught fan and the gases are forced through the boiler. 
Thus there is no dependence on chimneys or induced 
draught fans. 


Type of equipment 


At this stage mention should be made of the two main 
types of controller and actuator, the division being 
between electrical and compressed-air/hydraulic equip- 
ment. For this discussion the latter type will be described 
as compressed air operated, although several manufac- 
turers use hydraulic systems which are just as reliable and 
operate on similar principles. 

In the electrical types the detecting unit reacts to change 
in pressure, temperature, draught or other function being 
measured, and operates on a weighbeam to operate a 
switch, or move a contact arm to a new position. In the 
switch type a reversible motor is operated in the required 
direction; and as the motor turns, a feedback system, 
usually cam-operated, applies a restoring force to the 
weighbeam until this is restored to the equilibrium posi- 
tion, when the switch opens and the motor stops. With 
the contact arm type, the weighbeam movement is 
usually opposed by the tension of a spring, so that the 
contact arm moves over an arc depending on the force 
exerted by the detecting unit. This system is often used in 
conjunction with a continuously rotating cam having a 
spiral profile cut by testing the plant concerned. Depend- 
ing On the position of the contact arm, the cam profile 
touches it for a proportion of its rotation, and an 
electrical impulse can be used to actuate the starter of a 
motor, such as a stoker motor. Thus the running time 
of the stoker can be varied and so the coal feed can 
be controlled. 

In the compressed air types the detecting unit is used 
to operate a pilot valve, the pressure from it being varied 
in accordance with the deviation of the function being 
measured from the desired set value. This signal pressure 
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Fig. 6 A modification of Fig. 4 where the pressure controller 
alters the induced draught damper instead of the forced 
draught damper (i.e. as in Fig. 5) 


is passed to a servomotor, often a double-acting cylinder, 
which produces the required force to operate dampers or 
fuel feed adjustments. All servomotor designs have a 
cam device which can be used to modify the movement 
of the unit to allow for the characteristics of dampers or 
stokers, and a compensating or proportioning arrange- 
ment to ensure that for any signal pressure there is a 
corresponding position of the servomotor piston. Where 
less Operating force is required, a diaphragm type can be 
used and some self-compensation can be applied; e.g. 
with fuel oil, the regulated pressure can be made to 
balance the signal pressure. 

In the systems about to be described, it is necessary to 
have between the controller and each actuator a switch, 


or switching valve, and a manually-adjusted relay or 
proportioner. The switch can be used to allow the 
operator to take over manual control of the particular 
damper or fuel feed in case of breakdown, or to allow 
maintenance, and the adjustment is needed to allow a 
signal to be biased so that a correction to the relation be- 
tween fuel, air and draught can be made while the plant 
is Operating. In subsequent diagrams a switch and adjust- 
ment device will not be shown, but its presence is implied. 


Further types of modulating control 


Fig. 2 shows an additional actuator or servomotor 
operated from the pressure controller, to enable the 
suction in the furnace to be kept fairly constant, by 


CASE HISTORY—4 


A controller with three pressure actu- 
ated positions was fitted to four B & W 
water tube boilers, operating stoker 
speed, boiler outlet dampers and in- 
duced draught fan speed from one 
servomotor, in 1927. A fuel saving in 
excess of 3°, was obtained, and the 
system has operated without trouble, 
other than routine maintenance, for 
over thirty years. A tyre manufacturer 
in Scotland has a similar system fitted 
to four B & W boilers, total steam out- 
put approximately 60,000 Ib per hour. 
A constant steam pressure is maintained 
in spite of very heavy and sudden peak 
loads. This system too has operated for 
over twenty years without trouble. 


varying the position of the boiler exit damper in accord- 
ance with load. Again the use of a profile cam or other 
device is needed, with the settings determined by trials, 
to ensure satisfactory results. 

The systems previously described and that of Fig. 2 use 
parallel control from a single detecting unit. While these 
work well, giving much better control than could any 
trained operator, variations in fuel bed resistance (as for 
example might occur with underfeed or sprinkler stokers 
using fixed grates, between cleaning periods) can cause 
variations in combustion conditions. Consequently, a 
combination of series and parallel control is often used. 
Fig. 3 shows one such arrangement that is used success- 
fully. The pressure controller alters the fuel feed and 
induced draught and the alteration in furnace (or com- 
bustion chamber) suction then causes the forced draught 
supply to alter until the pre-set furnace suction is restored. 
This allows the forced draught to vary with varying fuel 
bed resistance, even though the pressure is constant. A 
variation of Fig. 3 is where the forced draught and fuel 
feed are controlled by steam pressure, and the induced 
draught by the suction in the combustion chamber. For 
any particular load the system gives a fixed forced draught 
damper opening in relation to fuel feed, and so it cannot 
compensate for any increase in fuel bed resistance due to 
clinkering, or the build-up of ash on a fixed grate. For 
oil burning, or with moving grate stokers where a suitable 
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fuel is used, satisfactory control can be achieved with 
this arrangement. 

A further development is a complete series control as in 
Fig. 4, where alteration in steam pressure causes a 
variation in the quantity of air supplied to the furnace. 
In turn, a pitot tube or orifice plate in the forced air duct 
is used to meter this air and cause an alteration in the 
fuel feed. The alteration in air supply also results in a 
change in furnace suction, and the third controller varies 
the exit damper to restore the suction to the preset value. 
An element of metering has been introduced by this 
system, whereas all the previous schemes were positioning 
controls only. Where there is no forced draught, the 
systems of Fig. 4 and the variation of Fig. 3 can be sim- 
plified to only two controllers and two actuators, as 
shown in Fig. 5. The pressure controller alters the damper 
position, and consequently the air flow into the furnace 
: and gas flow through the boiler. The differential draught 
. element uses the draught loss through one or more passes 
| of the boiler as a measure of this gas flow and alters the 
) fuel feed as necessary. This is a particularly effective 

control for coking type stokers working under natural or 
induced draught. The fuel feed is varied by varying the 
running time of a constant-speed motor during a given 
cycle period, as described previously, and a variable 
speed motor is not needed. A constant preset coal/air 
ratio is thus possible. 

Fig. 4 shows a modification of Fig. 6, where the 
pressure controller alters the induced draught damper 
instead of the forced draught damper (i.e. as in Fig. 5) 
and the consequent alteration in furnace suction causes 
the forced draught supply to be varied. The change in gas 
flow through the boiler due to the combined action of 
these controllers is measured by the differential draught 
unit which then alters the fuel feed. 

It should be noted that where double furnace boilers 
are concerned, such as Lancashire or twin-flue Economic 
boilers, a certain amount of duplication of control equip- 
ment is necessary. For example, with the arrangement in 
Fig. 4, the pressure regulator can operate the dampers on 
both forced draught supplies simultaneously. However, 
as there will be slight variations in air supply due to 
differences in ducting or fan characteristics, the differential 
draught units are duplicated and each measures the air 
flow to one furnace and individual control of each stoker 
fuel feed takes place. The furnace suction controller is 
arranged to average the draught readings from each 
furnace and regulate the induced draught as necessary. 


Fig. 7 A system in which the metering of gas flow is used to 
correct damper positioning 
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Fig. 8 A constant fuel/air ratio is maintained by this system 
which meters both fuel and air flows 


The concept of metering of air or gas flow to correct 
damper positioning has recently been applied by one 
firm to a control system which is a variation on Fig. 3 
and is illustrated in Fig. 7. The pressure controller sends 
signals to control the fuel feed, by cyclic operation of an 
a.c. motor or speed regulation of a d.c. type. It also 
controls the gas flow through the boiler by altering the 
tension on a spring connected to a double-acting switch, 
which controls a reversible motor connected by linkage 
to the induced draught fan. A link from the switch arm 
goes to a diaphragm unit, which produces a force oppos- 
ing the spring, as the diaphragm is subjected to the 
draught differential across the boiler passes. 

Consequently, when the pressure drops the spring 
tension increases, the switch is pulled to one side, the 
damper motor operates slowly and increases the gas flow 
through the boiler, until the increase in force from the 
diaphragm returns the switch to the central or neutral 
position and stops the damper motor. Conversely, any 
variation in gas flow causes the diaphragm to move the 
switch and operate the damper until the variation in 
steam pressure causes the pressure controller to. return 
the switch to the neutral position. 

When the fuel used is town gas or oil, which can be 
metered accurately by orifice plate or area meter, a fuel/ 
air ratio system is possible with both being metered, un- 
like solid fuel schemes which rely on the stoker motor 
revolutions being proportional to fuel feed. Fig. 8 shows 
one such system in which the pressure controller alters 
oil flow and forced draught supply. The measured air 
flow and oil flow rates are fed back to a ratio controller 
which then makes further adjustments to the oil flow 
rate to Maintain a preset fuel/air ratio. 


Use of steam flow 

All the schemes discussed so far are operated in series 
or parallel by the initiating impulse from variations in 
steam pressure. In any plant there is a slight time lag 
between a change in steam demand and a change in 
pressure large enough to operate a pressure controller. 
With water tube boilers containing relatively little water 
capacity in relation to steam output it can be useful to 
use changes in steam flow to control the rate of combus- 
tion, ‘anticipating’ the change in pressure, and so mini- 
mizing pressure changes due to very sudden load changes. 

A steam/air flow system of control has been used for 
many years, mainly on large boiler plants, and the cost 
does tend to be higher than the other methods so far 
considered. This type of combustion control depends on 
the assumption that the efficiency of the boiler is constant 


over the normal range of loads, so that a certain amount 
of air passing through the fire will give a constant heat 
release from the fuel and a constant steam generation. 
Providing the variations are not too great, the efficiency 
will vary only slightly and satisfactory control will be 
achieved. The feed water temperature must be kept 
steady so that the heat needed per Ib of steam remains 
constant. 

Fig. 9 shows one such control system. The pressure 
controller sends a signal to control fuel feed and forced 
draught and the induced draught damper is controlled 
so as to maintain a constant furnace suction. The signal 
to the forced draught servomotor passes through an 
averaging relay which also receives a signal from a steam/ 
airflow ratio controller. This supplies an overriding 
control to the rate of air supply and so maintains efficient 
combustion conditions even with changes in fuel quality 
or fuel bed resistance. If the steam flow suddenly alters, 
this controller takes advantage of the fuel reserve on the 


CASE HISTORY—5 
A battery of four two-flue Economic 
boilers, fitted with coking stokers and 
economizers, had a system similar to 


Fig. 7 installed. An efficiency increase of 
74°, was obtained, reducing the annual 
fuel consumption by 800 tons, and paying 
for the equipment in about six months. 





grate to help meet the increased demand, by overriding 
the pressure controller and increasing the air flow. 

For shell type boilers with reasonable water capacities, 
the need for such anticipatory control is not so vital as 
with a water tube boiler. 


Use of gas analysis for combustion control 


It may seem strange that so far, although combustion 
control is essentially an attempt to keep excess air usage 
down to a minimum no mention has been made of the 
use of continuous CO, or O, analysis of the fuel gases as 
a method of control. In fact, considerable difficulty exists 
in obtaining reliable, quick response control by such 
means. The first problem is sampling. Tarry deposits and 
dust can block the actual head of the sampling probe, 
condensation of water vapour or tar in the sampling lines 
can cause trouble, and traces of air entering the sampling 
system can give inaccurate readings. 

There is a time-lag in sampling, due to the length of 
probe and tubing and while this can be reduced by 
mounting the analyser as close as possible to the flue 
and sampling at a high rate, the analyser itself has a 
time-lag. Some older types of CO, recorder take as long 
as five minutes to register a change in composition of flue 
gases due to these reasons, and no efficient automatic 
control system can function with such a delay. Gas 
analysers that require frequent maintenance or skilled 
supervision could not be depended upon to form part 
of a control system. However, recent developments in 
O, analysers, using a magnetic principle, have produced 
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Fig. 9 A steam/air flow system provides anticipatory control 
to minimize pressure changes due to very sudden load changes 





a reliable instrument with a very rapid response time, 
such that a change in oxygen content of flue gases causes 
the analyser to respond in a minute or less. Neverthe- 
less leakage of air into the boiler flues has more effect on 
the usefulness of an O, recorder, since it introduces extra 
oxygen into the gases, than on that of a CO, recorder, 
where infiltrated air is only a diluent of the CO,. 

Modern development has produced a reliable O, 
recorder such that on large water tube boilers it is used 
to correct or trim a fuel/air ratio control. Any deviation 
of the oxygen content of the flue gases from a preset 
value generates a signal which goes to an averaging relay 
and alters the fuel/air ratio to restore optimum combus- 
tion conditions. The cost of the O, recorder is high, and 
increases the total cost of the control system to such a 
figure that it can be considered for large water tube 
plants only, which lie outside the scope of this article. 

The five case histories in the text illustrate the savings 
obtained where automatic combustion control has been 
fitted. Many other cases exist of control systems installed 
on industrial boilers, large vertical types, shell boilers 
such as Lancashire and Economic types and small water- 
tube types. The highest savings reported are in the region 
of 15 % on plants such as single Lancashire boilers without 
economizers, where the heat loss to the stack can be very 
high without correct fuel/air ratio control. It is quite 
normal for the equipment to pay for its cost by fuel 
savings in a few months. Apart from fuel savings due to 
increased efficiency there are other advantages, such as 
constant steam pressure for power and process, and 
increased production due to peak loads (within the boiler 
rating) being met continuously. 

Control equipment at present on the market is robust 
and will operate for long periods between servicing. For 
the average boiler, in the sample discussed at the begin- 
ning of this article, using 1400 tons per year, the £600 
saved by a 5% increase in efficiency (which automatic 
control should easily give) on the 90% of the sample with 
CO, readings of less than 9% would easily cover the cost 
of the appropriate system. It is surprising, therefore, that 
more firms have not considered this investment in this 
age of increasing automation. 
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Valve amplifiers are still 
widely fitted in the fleet but 
transistors are on the way in 


amplifiers for the Navy 


by LT-CMDR LINDSAY S. BRYSON, B.Sc. (ENG.), A.M.1.E.E., R.N. 


and RONALD J. TRUSCOTT, B.Sc. (ENG.), GRAD. 1.E.E. 


SERVO AMPLIFIERS HAVE BEEN FITTED IN THE FLEET FOR 
some seventeen years, the earliest ones being used for 
autocontrol of gun mountings in about 1942. Since then 
they have been widely fitted for remote control of 
mountings, directors, radar aerials, sights and trans- 
ducers, in analogue computers for fire control and 
torpedo control systems, etc. 


Uses of servo amplifiers 

The applications of servo amplifiers in naval equip- 
ments can be broadly classified under three main 
headings: Remote Power Control (RPC); analogue 
computation; and follow-up systems. In RPC systems 
the power amplifying part of the servo, which converts 
the electrical output from the amplifier into the mechani- 
cal power which moves the controlled mounting, takes 
the form of a Metadyne generator feeding one or more 
drive motors or a hydraulic rotary power amplifier. In 
hydraulic or ‘oily’ servos the amplifier output feeds the 
coil of an oil relay controlling a pilot valve, the latter 
usually being arranged to supply oil pressure to tilt 
the swash-plate of either an oil pump or an oil motor. 
The data transmission elements are usually Magslips for 
positional RPC systems, although for a velocity control 
as in the local control of a gun mounting resistive 
potentiometers fed with direct current are more usual. 
A coarse/fine Magslip system is nearly always used in 
order to achieve greater accuracy. 

Servos used in electromechanical analogue computers, 
e.g. gunnery control systems, are concerned with much 
smaller outputs, the Metadyne generator or hydraulic 
system being replaced by a small servomotor delivering 
a power output of a few tens of watts. In the past these 
motors have mostly been d.c. split-field types. Signal 
elements are more varied but Magslips, including 
resolvers, and resistive and inductive potentiometers 
cover most of the servos. 

In follow-up systems such as retransmission -units or 
gyro stabilizers the power levels are again quite low. 
Split-field or two-phase motors are used for positional 
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control, and torquemotors are used in connexion with 
gyro systems. Various types of pick-ups are used as signal 
elements in gyro follow-ups, but Magslips are common 
in most other follow-up systems. 


Classes of servo amplifiers 


The basic function of the servo amplifier is to amplify 
a quantity which represents the servo error and to 
convert it into a form suitable for driving the electric or 
hydraulic system, the sense of the output being such as 
to cause the servo to run in the direction which tends to 
reduce the error. Servo amplifiers can be classified 
according to whether the input signals and outputs are 
a.c. or d.c.; thus we have a.c.-a.c. for all-a.c. amplifiers, 
d.c.-d.c. for all-d.c. amplifiers and a.c.-d.c. where the 
input is a modulated a.c. carrier (as from a Magslip) and 
the output d.c. (as to a split-field motor). There is a 
d.c.-a.c. class but this is less commonly used. 

By far the most numerous of the amplifiers currently 
fitted in the Fleet are those in the a.c.-d.c. class: d.c.-d.c. 
amplifiers are difficult to design satisfactorily because of 
drift and inter-stage coupling problems. Again, a.c.-a.c. 
amplifiers have not been applicable to RPC because there 
is as yet no a.c. equivalent of the Metadyne generator and 
for lower power servos the lack of suitable two-phase 
servomotors delivering reasonable power and of a.c. 
tachogenerators has restricted the use of a.c. servos. 
Also tending to limit their use is the fact that one-half of 
the power input to the motor must be supplied by 
the output stage of the amplifier, whereas with a split- 
field motor an amplification of power occurs within the 
motor. This usually means that an a.c.-a.c. amplifier is 
designed to drive only one size of motor although this 
can be overcome by ‘padding’ different motors to present 
the same impedance to the amplifier. 

So far only the amplifying function of the amplifier 
has been mentioned. Theoretically it might be argued 
that it should be required to do no more than this and 
that the gain should be preset at the value required by 
the design of the servo. Were this so the design of servo 
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amplifiers would be enormously simplified and the 
problems of interchangeability of amplifiers would 
largely disappear. However, design engineers have long 
accepted that the servo problems posed by lags in the 
rotary amplifier and by mechanical factors such as 
inertia, backlash, variable friction and resilience can far 
more easily be corrected in the amplifier circuits than 
elsewhere in the servo system. A practical servo amplifier 
is thus found to contain such features as a means of 
varying gain, shaping networks to shape the frequency 
response of the servo, lattice networks tuned to trouble- 
some frequencies, limit/normal features to reduce 
Metadyne output on approaching mechanical limits, 
provision for injecting stabilizing terms, as for example 
from a d.c. tachogenerator, and many others. 


Shaping networks 


One of the most common shaping networks is that 
known by the terms phase advance and pre-retardation. 
(The circuits are the same with different constants, but 
the objects are rather different; the network is more 
properly ‘phase advance’ when supplied for stabilizing 
purposes and ‘pre-retardation’ when fitted in RPC 
amplifiers to improve the run-in from large misalign- 
ments.) A very simple network can be used to provide 
phase advance if the error signal has been rectified, but to 
advance the phase of the envelope (which represents the 
error signal) of a modulated carrier without altering 
the phase of the carrier is far more difficult. It can be 
achieved by using a notch filter but it requires a carefully- 
controlled supply frequency and close-tolerance high- 
stability components. At 400 c/s for example the supply 
frequency may need to be kept within + 3% of its 
nominal value, although the tolerance is wider at lower 
frequencies. The ease with which this shaping can be 
imposed on a d.c. signal is one major reason for the 
popularity of a.c.-d.c. amplifiers. A second is that feed- 
back terms obtained from d.c. tachogenerators can be 
injected into the d.c. end of the amplifier, thus obviating 
the need for a.c. tachos. 


A swing towards a.c. 


A.C. servos have not so far been widely used in naval 
equipments, but there is now a swing towards a.c. motors 
for low-power servos and the trend is likely to be 
accelerated when transistorized servo amplifiers come 
into service. The range of a.c. motors is becoming larger, 
some with built-in a.c. tachos; mechanical power outputs 
are still well.below those of some of the popular d.c. 
split-field motors but it would seem that instrument-type 
servos have in the past often been considerably over- 
powered. Among the advantages which favour a.c. servos 
are the avoidance of the need for phase-conscious 
rectification of the error signal, the absence of drift in 
the amplifier, and the avoidance of the wasteful heat- 
producing armature droppers necessary with split-field 
motors. 

The use of a.c. rotary amplification for RPC systems is 
unlikely to become feasible for some years on a practical 








basis, but active development towards this end is in 
progress. 


Classification by amplifying component 

Servo amplifiers can also be grouped according to 
whether the amplification is achieved by using thermionic 
valves, magnetic amplification, transistors, or a combina- 
tion of either valves and magnetics or transistors and 
magnetics. 

To date only thermionic valve servo amplifiers have 
been widely used in the Fleet but when the current 
development of certain amplifiers has been completed 
no further valve amplifiers are likely to be developed 
except for very special purposes. 

Magnetic amplifiers have been popularly assumed to be 
highly reliable devices requiring little or no attention. 
This is probably largely true if modern rectifiers are used, 
but they are not easy to design and predict without 
considerable know-how and practical experience. ‘Con- 
ventional’ magnetic amplifiers for non-critical applica- 
tions are by now well understood and have been standard 
for naval automatic voltage regulators for some years, 
but for high-performance servos the lags inherent in these 
conventional types may be too great. In such cases one 
must consider going to the so-called flux resetting 
amplifiers, of which there are many varieties, or to special 
variations of the conventional types. 

Sufficient is now known to design a servo amplifier to 
meet any performance which can reasonably be expected 
of a magnetic amplifier, but with the arrival of the 
transistor it seems unlikely that many all-magnetic servo 
amplifiers will be developed. Nevertheless the magnetic 
amplifier will undoubtedly be used for some years as 
the output stage of amplifiers which are otherwise 
transistorized. We do not propose to say much about 
the use of transistors at this stage—this subject will be 
discussed in the second part of this article. 


Amplifiers in use 


Fig. 1 shows a selection of servo amplifiers used in the 
Fleet. The large unit is an RPC amplifier which although 
obsolete is still in use in some ships. It is designed to 
control two hydraulic coarse/fine servos, e.g. the training 
and elevation motions of a gun mounting, and is self- 
contained in that it has its own power pack and test 
facilities. The other amplifiers in the photograph are not 


Fig. | Typical naval servo amplifiers 
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self-contained in that they require separate power packs, 
coarse/fine change-over units, test units, etc, so that the 
apparent size reduction is not realistic. 

All the present amplifier equipment is built on the unit 
principle, in other words a servo control system is broken 
down into such units as a fine motion amplifier, a coarse/ 
fine change-over unit, a power unit, a test unit, etc. The 
chief advantage of this method of construction is that any 
given unit forming part of the system can be replaced 
quickly should it fail during action conditions. 

The three smaller amplifiers are, from left to right, a 
general-purpose 400 or 1100 c/s a.c.-d.c. amplifier which 
can control split-field motors, Metadyne generators or oil 
servo units; a 400 c/s a.c.-a.c. amplifier for instrument 
servos; and a general-purpose 400 c/s a.c.-d.c. ampli- 
fier which uses flying-lead valves and conduction cooling. 


The a.c.-d.c. thermionic valve amplifier 


So far we have been discussing the various possible 
types of servo amplifiers. Since, however, by far the most 
common is the thermionic a.c.-d.c. class the rest of Part | 
of the article will concentrate upon it. 

Fig. 2 is a block diagram of a typical a.c.-d.c. servo 
amplifier in a simple closed-loop servo. The servo 
amplifier has three main functions to perform: 

a Amplification of a small error signal from a 

coincidence transmitter or similar error detecting 

device to drive a split-field motor, Metadyne generator, 
or oil servo unit. 

b Sensing the direction in which to rotate the driven 

element to reduce error and achieve alignment. 

c Shaping the error signal so as to improve the 

response of the servo as a whole. 

Amplification of the error signal can be done in the a.c. 
amplifier before the signal is phase-consciously rectified 
and in the d.c. amplifier after rectification. The various 
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Fig. 2 Block diagram of 
a.c.-d.c. servo amplifier 
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factors which govern the proportioning of the overall 
gain required between the a.c. and d.c. amplifiers will be 
discussed later. 

Sensing the direction in which to drive the servo to 
reduce the error is the job of the phase-conscious rectifier 
(p.c.r) and it is fair to say the the p.c.r. is the heart of 


the a.c.-d.c. servo amplifier. 


Phase-conscious rectifiers 


One of the main factors in the popularity of the 
a.c.-d.c. type of amplifier is the comparative simplicity of 
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the networks required to shape a d.c. signal compared 
with those required to impart the same characteristics 
to a modulated a.c. signal. The p.c.r. is the circuit 
required to convert the information contained in the a.c. 
signal to the form required for use in the d.c. amplifier. 
The simple type of rectifier used for demodulation with 
amplitude proportionality, as in a radio receiver, is of no 
use, for not only must we retain amplitude propor- 
tionality, but we must also reverse the polarity of the 
output d.c. signal when the a.c. signal changes phase by 
180°. It is important to realize that when the signal from 
a Magslip element goes through its null-point the phase of 
the carrier is shifted by 180°. 


The half-wave diode and the triode p.c.r.’s 


The simple half-wave diode p.c.r., which is illustrated 
in Fig. 3a, is commonly used, but the time-constant of 


the smoothing circuit is long compared with one period 


Reference A 
voltage, 





Fig. 3 Diode phase-conscious rectifiers 
a Half-wave b Full-wave 
of the carrier, and this will necessarily introduce a phase 
lag in the servo. The full-wave version of this circuit 
shown in Fig. 3b reduces the amount of ripple present in 
the output and doubles its frequency, thus making it 
easier to reduce the ripple to an acceptable level. 

The triode p.c.r., the full-wave version of which is 
shown in Fig. 4, provides amplification as well as phase- 
conscious rectification of the signal, but changes in valve 
characteristics can unbalance the output and the refer- 
ence transformer secondaries must be closely matched. 


Quick response p.c.r. 


One of the main problems confronting the servo 
designer is the presence of phase lags in the system due to 


Fig. 4 Full-wave triode phase-conscious rectifier 
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Fig. 5 Quick-response phase conscious rectifier 


the inductance of split-field motor and Metadyne field 
windings and mechanical inertias. It is obviously 
undesirable that the servo amplifier should introduce any 
further phase lags and the p.c.r. is the major cause of such 
lags. The circuit which will now be described was 
developed by E. A. Johnson* in order to produce a fast- 
acting p.c.r. with correspondingly small phase lag. 

In the quick response p.c.r. circuit of Fig. 5, 
C, = C, R, = R,, and C;j is at least ten times C,. 

The diodes are so arranged that conduction is possible 
only on alternate half-cycles of the reference voltage— 
for the circuit arrangement shown when point 3 is 
positive with respect to point 4. A push-pull arrangement 
of the circuit is possible but in order to keep the explana- 
tion simple we shall consider only the half-wave version. 

Fig. 6 shows the operation of the circuit when, for a 
carrier frequency of 400 c/s, a signal modulated at 50 c/s 
is applied. Note that as the signal modulation passes 
through a null point the phase of the carrier reverses. 
When the signal is first applied it is in phase with the 
reference voltage applied to diode A and in antiphase 
with that applied to diode B. 

Prior to the application of the signal, capacitor C, is 
charged very nearly to the peak value of the reference 
voltage and discharges between reference voltage peaks 
with a time-constant (C,/2 + C,)(R, + R,). This time- 
constant is very large compared with the intervals 
between reference voltage peaks so that the loss of charge 
between peaks is small. 

When the signal arrives it is added to the voltage 
applied to diode A (Fig. 6); thus when the voltage at 

3 w.r.t. O exceeds the voltage at 1 w.r.t. 0 the diode 
conducts (at G in Fig. 6) and capacitor C, is now charged 
through a very short time-constant (C, multiplied by the 
signal source impedance) and | very nearly follows 3. 
Now capacitor C, is large compared with C, and the 
charge on this capacitor cannot alter quickly, with 
the result that 2 follows 1, i.e. the voltage at 2 goes from 
C to D when diode B conducts for a very short period to 
bring 2 to the value shown at E. The subsequent changes 
* Selected Government Research Reports, Vol. 5. 


in voltage are as shown in Fig. 6 until the 50. c/s modu- 
lation starts to decrease. This means that the voltage at 
4 w.r.t.0 now starts to increase and diode B conducts 
at F. The voltage at 2 now follows very nearly the voltage 
at 4 and at the same time capacitor C, causes the voltage 
at 1 to follow that at 4. Since R, = R, the voltage at 
6 will be the arithmetic mean of the voltages at 1 and 
2, and the output voltage will be taken between 6 and 0 
as shown in Fig. 5. 

The quick response of the circuit is obtained through 
the action of the bootstrap capacitor C3. 


Ring demodulator 


The ring demodulator is another form of quick 
response p.c.r. which has been used recently. The circuit 
is shown in simplified form in Fig. 7a. Assume that 





Fig. 7 The ring demodulator 


a Slightly simplified circuit showing operation 
b Practical version 


the reference voltage V,,, consists of very narrow 
positive pulses occurring at the signal frequency, and 
that the rectifiers are perfect switches having zero 
forward resistance and infinite back resistance; then 
two equal currents /,,,/2 will flow down each arm of 


Signal+reference Voltage at 3w.rt.5 Voltage at Iwrtd 
; A 





volts at 4w.rt.0 
G 





Signal+reference 
volts at 3wrt.0 







ignal voltage 
ot 5wer.t.0 






LK] 


N 







Voltage at 4w.rt.5 


Voltage at 2 w.r.t.0 







Fig. 6 How the quick-response p.c.r. operates 
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the bridge opening the switch, and the signal current can 
divide as shown and pass through the switches without 
voltage drop, to charge the capacitor towards the signal 
voltage. Should the signal current exceed the reference 
current, two of the rectifiers will be cut off and the excess 
of signal current over reference current will flow through 
the limiting resistor R. 

The practical circuit is shown in Fig. 7b, an approxima- 
tion to the previous reference voltage being achieved by 
the incorporation of capacitor C, across the limiting 
resistor R. If the time-constant C,R is about eight times 
the period of the sinusoidal reference voltage, the firing 
angle of the rectifiers will be sufficiently narrow, owing to 
the bias voltage stored on C,, to approximate to the 
previous idealized reference voltage. 


THE A.C.-D.C. SERVO AMPLIFIER 


The characteristics of the a.c.-d.c. servo amplifier 
which are of importance to the designers of servo systems 
are listed below, not necessarily in order of importance: 


1 Overall gain. 

2 Frequency response. 

3 Behaviour in the presence of quadrature signals. 
4 Response to harmonics. 

5 Drift of d.c. section of amplifier. 


6 Ratio of (Signal to saturate portion of amplifier preceding 
shaping networks) to (Signal to saturate output stage) 
This is sometimes referred to as RPC figure of merit, 


7 Ripple voltage across the inductance of the output stage load. 
8 Heat dissipation within amplifier. 
9 Facilities available for shaping signal. 

10 Facilities available for limiting maximum output. 


Overall gain and quadrature voltage troubles 


The overall gain is normally quoted in milliamperes 
per volt, i.e. differential current into the field winding for 
r.m.s. signal voltage into the amplifier input. The input 
voltage is a measure of the misalignment in the servo 
system and for a particular positional control system such 
as is commonly encountered (turret following director or 
fire control table), the r.m.s. error voltage may be con- 
verted into error in minutes of arc. Now full torque is 
obtained from the Metadyne system or split-field motor 
for a nominal amplifier output (in the past this has usually 
been 80 mA, but in future it will probably be reduced to 
50 mA for thermionic amplifiers); a convenient definition 
is the Jinear full torque angle, which is the error in the 
system to develop full torque from the motor, overall 
characteristics being assumed linear from zero current 
output until the nominal output is reached. It is fairly 
obvious that for a given servo the higher the amplifier 
gain the smaller the full torque angle and therefore 
the system error; however, considerations of stability 
usually govern the maximum gain which can be used. In 
a typical amplifier the maximum gain may lie between 
1500 and 3000 mA/V, the variation being due to valve 
and component tolerances. In general for RPC servos a 
higher gain is required for Metadyne than hydraulic 
systems, for the hydraulic amplification is usually greater 
than the rotary amplification of the Metadyne generator. 


CONTROL April 1959 


Under certain conditions a signal voltage in phase 
quadrature with the reference voltage may be present. 






















































The cause may be: 
a Phase shift in the Magslip or synchro element. 
b Phase shift in transformers. 
¢ Loading of signal elements by cable capacitance. 
d Phase shift (at carrier frequency) in the a.c. stages 
of the amplifier. 


; 
These quadrature voltages can be troublesome in 

computing systems where they are usually caused by 

capacitive loading of potentiometers resulting from long 

screened cables to the amplifier input terminals. 
Consider the system shown in Fig. 8 with a stray 

capacitance of C uF on the wiper of potentiometer RV, 

and no stray capacitance on the wiper of RV,. The loading 

effect of the stray capacitance on RV, when the potentio- 


St ] 

| R 
Supply oh =2.$ 
Ss 





Fig. 8 Unbalanced cable capacitance 


is one of the causes of a quadrature oe 
voltage in servo amplifiers Amplifier input 
terminals 


meters are physically aligned will develop a voltage across 
the amplifier input terminals including both an in-phase 
and a quadrature component. To take some actual 
figures; if there is a stray capacitance of 0-001 uF, the 
potential dividers have a resistance of 10,000 ohms and 
the voltage across the potential dividers is 100 V at 
1100 c/s, then approximately a quadrature voltage of 1V 
will be developed when the wiper is three-quarters of 
the way from the bottom. A stray capacitance of 0-001 uF 
could be caused by a run of 20 or 30 yd of even 
unscreened wiring. 

If the amplifier has a nominal 80 mA output and is 
operating at a gain of 1600 mA/V, an in-phase signal of 
only 50mV is required to produce the nominal output. 
The presence of a quadrature signal of 1 V can therefore 
be very awkward. 

The main effects of quadrature voltages on computing 
servo systems are: 





a Reduction of amplifier gain due to saturation in the early stages 
of the amplifier. 


b Introduction of an error in computation due to the error in the 
in-phase component of the signal. This error is roughly proportional 
to the square of the loading capacitance. 


c Introduction of an error in computation due to the response of 
the amplifier to the quadrature voltage. The amplitude of this com- 
ponent is roughly proportional to the loading capacitance. 

d An increase in the noise output from the p.c.r. stage. 


Quadrature troubles can be reduced by decreasing 
the supply voltage applied to the computing elements. 
Reducing this voltage by a factor of 2 permits the 
resistance of the potentiometers to be reduced 4 times 
(for the same dissipation) and this leads to a 16:1 
reduction in the in-phase error. Lower frequency clearly 
also reduces quadrature effects. 

If the above methods cannot be adopted, the only way 
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of reducing the error due to the in-phase component is to 
balance the capacitive loading effect so that the 
admittance is the same on both wiper arms; this is 
standard American practice but it is not generally done 
in this country. By careful design the phase shifts in 
the amplifier and in the reference transformer can be kept 
small or made equal, thus ensuring that the amplifier 
does not worsen the effects of quadrature inputs. 

In order to reduce the response of the p.c.r. to quadra- 
ture voltages, the reference voltage amplitude should be 
large compared with that of the signal voltage, and this 
can be achieved by keeping the proportion of the total 
gain in the a.c. stages as small as possible. 

The presence of the quadrature voltage at the input to 
the amplifier may also cause a loss of gain due to partial 
saturation of the a.c. stages. The cure for this is once 
again to keep the a.c. gain of the amplifier low. 


Response to harmonics 


Harmonics may be present in the input voltage due to 
distortion of the reference voltage waveform from which 
it is derived, or for Magslip or synchro elements, due to 
the harmonic content of the residual ‘mush’ or noise 
signal which is present at the null position. 

Fig. 9 shows the noise content waveform of the 
coincidence transmitter of a three-Magslip chain at 
the null position. Most of the noise in this particular case 
is third harmonic, with some quadrature fundamental. 





Fig. 9 Noise content of a Magslip coincidence transmitter at 
the null position 


The table gives the results of measurements with a wave 
analyser made by the Admiralty Engineering Laboratory. 


Harmonic voltage content of Magslip chain at null position 


“ OUTPUT FROM | 
COINCIDENCE 


OUTPUT FROM 
COINCIDENCE 


HARMONIC TRANSMITTER, mV HARMONIC TRANSMITTER, mV 
Quadrature 
fundamental 62 9th 6°5 

2nd 0-25 . 10th 20 

3rd 70 ; 11th 9-0 

4th 45 12th 0 

Sth 28 13th 3-0 

6th 3 14th 0 

7th 22 15th 40 

Sth 0-3 16th 0 


If the amplifier responds to harmonics a static error 
will be introduced into the servo system and in cases where 





this is important it may be necessary to take special 
measures to reduce the response to harmonics. One fairly 
obvious method is to include a notch filter tuned to 
the carrier frequency in a negative feedback loop within 
the a.c. stages. There is then no negative feedback of the 
carrier voltage, and so no attenuation of signals, but 
there is feedback voltage at the harmonic frequencies with 
consequent attenuation of harmonics in the forward path. 


Drift of d.c. section of amplifier 


Drift in d.c. amplifiers is well covered in the literature 
and will not be treated in detail here. The symptoms of 
drift are the presence of an output signal for zero signal 
input and the amplifier behaves as if it were unbalanced. 
The presence of large amounts of drift may result in 
unsymmetrical synchronizing characteristics for the 
servo; i.e. ‘running in’ from one direction may give 
different characteristics from running-in from the 
opposite direction. 

Drift in the d.c. section of the amplifier is mainly 
caused by power supply variations, and by component 
variations. 

There are many circuits designed to compensate for 
such variations but the best simple solution is to use as 
low a d.c. gain as possible. This is not, however, always 
compatible with other requirements and a compromise 
has usually to be accepted. 


RPC figure of merit 


This ratio is important in determining the charac- 
teristics of a servo system when running-in from a large 
misalignment or when subject to large load disturbances. 
Any value over 20 is usually regarded as satisfactory. 


Ripple voltage across output load 


Although the output load may have a resistance of 
2000 ohms per winding it will also have a fairly large 
inductance, possibly of the order of 200henrys. If 
the frequency of the a.c. reference voltage is 1100 c/s, 
the output stage which in a typical case has a gain of 
5mA/V would have a voltage gain to the d.c. signal of: 


5 mA/V x 200 ohms = 10 
but to an 1100 c/s ripple voltage, the gain would be: 
5 mA/V x 1100 « 200 ohms = 7000 


It is obvious that a very small ripple content in the 
signal applied to the output valve grid can cause a very 
large ripple voltage in the output. It is not uncommon to 
have 200-300 V peak-to-peak ripple across the field 
winding. The most harmful effect of ripple voltage is 
the loss of gain to the d.c. signal due to ‘bottoming’ of 
the output valve anodes. 


Facilities available for shaping signal 


A common method of achieving servo stabilization by 
shaping the signal within the amplifier is the use of 
the phase advance network illustrated in Fig. 10a. 
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It will be noted that a d.c. signal is attenuated by the 
ratio R,/(R, + R,) and in order to achieve large angles 
of phase advance this ratio must be correspondingly 
large. Very often two stages of phase advance are used, 
with a buffer amplifier in between. The curve given in 
Fig. 10b shows the maximum angle of phase advance as 
a function of the overall d.c. attenuation ratio for a 
single- and a two-stage advance network. 

Another common method of stabilization is tacho- 
generator feedback to give velocity or transient velocity 
feedback, and most amplifiers are designed to be able to 
accept a stabilizing voltage of this form. 


Proportioning of a.c. and d.c. gains 


Normally in the design of an a.c.-d.c. servo amplifier 
the overall gain depends upon the system with which it is 
to be used and the rotary amplifier it is designed to drive. 
The overall gain requirement is not, therefore, under 
the direct control of the amplifier designer. However, he 
has, in general, control of the porportioning of a.c. and 
d.c. gain and there are several factors which must be 
taken into consideration before deciding how this 
division is to be made. 

The quadrature response of the amplifier is improved 
by having a low a.c. gain, whereas the requirements of 
low drift demand a low d.c. gain. The ability of a servo 
to settle quickly after running in from a large misalign- 
ment is improved by designing the a.c. stages to require 
a large signal to saturate them (the RPC figure of merit 
has a bearing here); on the assumption that coarse and 
fine signals pass through the same a.c. stages this implies 
a low a.c. gain. In addition, if the amplifier is designed to 
accept d.c. stabilizing terms for injection into the main 
amplifier loop after the p.c.r. stage, this may set the 
minimum d.c. gain. It can also be shown that the d.c. 
gain should exceed a certain figure in order to achieve 
optimum performance of servos stabilized by transient 
velocity feedback. 

It can therefore be seen that the exact proportioning 
of these gains should be determined by the requirements 
of the particular system with which the amplifier is to be 
used. In a general purpose amplifier a compromise 
between conflicting requirements has to be made. 
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Test facilities in servo amplifiers 


Most servo amplifiers are designed with the following 


basic test facilities built in: 

a. Ameans of providing zero input signal to the amplifier to check 
that under this condition the amplifier has no output. A ‘balance’ 
control is usually provided to trim the amplifier to achieve this state 
of affairs. 


b. A means of monitoring the amplifier cutput. In the a.c.-a.c. 
amplifier this usually takes the form of shunt resistors through which 
the output current flows, the voltage across these resistors being 
measured by a voltmeter calibrated as an ammeter. In a.c.-d.c. 
amplifiers the voltage across the motor control winding is usually 
measured directly. 


c. A means of injecting a test signal and either disconnecting or 
overriding the operational signal when this is being done. Normally 
arrangements are made to inject the test signal at two levels, a small 
amplitude signal designed to enable the sensitivity of the amplifier 
to be checked and a large amplitude signal to ensure tl at the full 
drive is available. 


d. A means of operating external test interlock relays when 
balancing or testing the amplifier. 


Typical thermionic a.c.-d.c. amplifier 


The Mark 14F a.c.-d.c. servo amplifier is an example 
of a modern design, intended to make the best use of 
direct air cooling with high reliability, accessibility of 
components, quick test facilities and small size. It is 
mounted on a diecast chassis with components and valves 
on either side of a vertical plate, making the maximum 
use of natural upward draught cooling for the output 
valves. These are large envelope CV 345 valves greatly 
underrun, for reliability and ease of cooling. Two pins 
in parallel are used for all the plug and socket connexions, 
and the amplifier is screwed in and out of the rack, witha 
floating socket plate to ensure accurate alignment. 

The circuit was designed to permit miniaturization by 
excluding large components such as transformers, not by 
the use of miniaturized electronic components. Conven- 
tional phase-conscious rectifiers require a separate 
reference transformer in each amplifier, because no point 
is at earth potential; the cathode line of the early stages is 
not at earth potential, and low-frequency pick-up, or even 
oscillation, may result. This is avoided by adding the 
reference and signal voltages in resistive networks, which 
permits a common earth line throughout the amplifier, 
and allows an external reference transformer to feed a 
group of amplifiers. This may be phase-shifted to give 
immunity to quadrature input voltages. This circuit 
permits the smoothing inductors to be omitted, and in 
the final version a modified form of the quick response 
p.c.r. developed by E. A. Johnson was included to give 
better performance at lower carrier frequencies. 

A preamplifier and limiter precede the rectifier, in place 
of the earlier step-up transformer, and give a higher input 
impedance. A d.c. gain of 300 mA/V is obtained, which 
gives sufficient gain in the inner loop of tachogenerator 
feedback systems to permit prediction of the performance 
of computing servomechanisms from the electrical 
network components. A static coarse/fine adding 
network was developed for this amplifier which avoided 
the previous need for a coarse/fine change-over unit in a 
separate chassis. This unit, and the necessary shaping 
networks, are plugged into the standard amplifier chassis. 


To be concluded next month 
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SURVEY 


GALVANOMETER RECORDERS 


by 


ALL OPTICAL GALVANOMETER RECORDERS 
are based on the principle of a current 
deflected mirror rotating a narrow pencil 
of light which is sharply focused onto a 
photosensitive paper or film. The paper 
or film is transported at a constant 
speed, and so the time history of the 
activating current is recorded and 
observed after suitable processing. The 
total length from the galvanometer 
mirror to the paper surface is called 
the optical arm or lever. 

At the heart of this instrument is 
the ‘vibrator’ or galvanometer, and it is 
the dynamic response of this device 
which sets the major limitation, i.e. 
bandwidth. For good bandwidth an 
extremely tiny aluminium ‘silvered’ 
glass mirror of eggshell thickness is 


» Eye 
\ 
" \ Rotating murrors 
i 
G3) 
‘Cylindrical lens Galvanometer 
+} ES Se murror 
a /Srutter ; ae 
rent -_ : 
Camera Lamp Pilano-convex lens 


drum 
Fig. I A typical optical system where 
a waveform display is required 


courtesy Cambridge Instrument Co Ltd 


used, together with a fine wire or ribbon. 
The frequency range of the impressed 
signal should not exceed about 40°% of 
the natural frequency in air of the 
galvanometer used. 

For damping, the lower frequency 
galvanometers employ electromagnetic 
methods; but for natural frequencies of 
above 500 c/s fluid damping is employed. 
Great care must be taken to ensure that 
the galvanometer is properly matched to 
the total source impedance or the 
response can be seriously affected. 
Optimum damping is considered to be 
0-64. 


Care is also required to see that the 
galvanometer winding is not overloaded 
with excessive current, a safe figure for 
which is obtainable from the manu- 
facturer. 

For low frequency galvanometers it is 
possible to have a relatively large coil 
mass, so that several turns are possible. 
Advantage is taken of this to yield a 
galvanometer of much higher sensitivity. 
For high frequency units, only one turn 
is permissible in conjunction with a 
much stiffer suspension, possibly of the 
bifilar type, so that there is a consequen- 
tial fall-off in sensitivity for higher 
natural frequencies. This fact is evident 
from the galvanometer data in the 
survey. 

A great deal of development is still 
proceeding to produce higher frequency 
instruments at still greater sensitivities, 
with the use of finer and lighter wires. 
Careful mass balancing is employed to 
produce galvanometers suitable for use 
in accelerating environments. 

Accurate reproduction of waveforms 
is not always the primary requirement, 
however. Users may often only wish to 
determine certain events as they occur 


Fig. 2 An optical system in which 
miniaturization is the main 
consideration 


courtesy Woodhill Engineering Co Ltd 
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in time. Thus if each channel has an 
identical response, the absolute per- 
formance is less significant. 


Optical system 


No two galvanometer recorders are 
exactly alike optically, since the precise 
arrangement depends on the compact- 
ness of the complete instrument, whether 
the waveform is to be displayed, etc. 
Quite apart from the galvanometer 
itself, the optical system determines the 
defiexion linearity, which is usually about 
1% of full scale. Two typical optical 
arrangements are shown in Figs. 1 and 2; 
one for a large laboratory instrument 
(Fig. 3) where waveform display is 
featured, and the other where extreme 
miniaturization has been the main 
factor (Fig. 5). It is interesting to note 
that the accuracy and resolution of the 
trace in the miniature instrument is at 
least equal to the former recorder. 
The miniature machine is, however, 
restricted to lower frequency signals by 
the available miniature galvanometers. 


Recording materials 


The choice here is between paper and 
film. Up to about a year ago it was 
essential to develop the image by 
normal photographic methods whether 
film or paper was used, with the inherent 
delay in observing the recorded data. 
This delay was mitigated to a large 
extent, and at some expense, by con- 
tinuous processing and drying equip- 
ment. Nowadays, ultra-violet-sensitive 
paper is available on which the trace 
forms after about 20-30 sec exposure to 
normal interior lighting. This trace is 
sufficiently permanent if the record is 
stored in a file, but can be made truly 
permanent, if required, by subsequent 
fixing using normal photographic chemi- 
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cals. Rapid observation of the trace is 
not an essential requirement where 
the recorder is installed in remote or 
unmanned equipment. Such recorders 
are extremely miniaturized and the only 
suitable medium is film in order to 
obtain adequate resolution for the sub- 
sequent enlargement of the inherently 
small amplitude traces. Film is probably 
the only suitable material, at present, if 
trace identification by colour is specified. 
This latter technique has interesting 
possibilities for automatic data reduc- 
tion. 


Film and paper drives 


Most recorders either have a built-in 
chart transport mechanism, or an 
attachable camera which contains the 
drive. In nearly every recorder the prime 
mover is an electric motor requiring a 
power supply compatible with that 
normally found where the recorder is to 
be used. Thus industrial or laboratory 
type instruments are 240V a.c. 50 c/s 
operated, while Service recorders are 
usually 24V d.c. or 115V 400 c/s. Some 
special types have used clockwork 
mechanisms although it is unlikely that 
such instruments are in commercial 
production. The chart speeds differ 
between recorders, being largely deter- 
mined by the highest frequency galva- 
nometer associated with the machine. 
The low speed end is often fixed by 
the duration required in conjunction 
with the cassette storage capacity. 
Speed alterations are sometimes effected 
by manually changing gear wheels, and 
in the luxurious models by pushbutton 
or solenoid-operated gearboxes. Single 
shot runs of predetermined length are 
available for transient recording in 
the larger machines. 


Other facilities 

The table indicates briefly the major 
embellishments, among which are 
record and trace identification, event 
markers, timing reference trace, datum 
traces, variable independent channel 
illumination intensity, and in larger 
machines, built-in shunt and series 
rheostats to control the galvanometer 





Fig. 4 At the other end of the size 

scale there is this amazingly compact 

unit. It employs the optical system 

of Fig. 2 
courtesy Woodhill Engineering Co Ltd 

current and damping. Most of these 
facilities greatly assist in subsequent 
data-processing, and when recorders of 
up to 50 channels are used, they are 
almost essential to eliminate errors in 
the identification and correct interpreta- 
tion of the records. 


Ancillary equipment 

One of the basic difficulties with 
galvanometer recorders is often to 
provide enough power to operate the 


Fig. 3 A large laboratory instrument which displays the waveform, using the optical 
system of Fig. | 


courtesy Cambridge Instrument Co Ltd 
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galvanometer from the primary mea- 
suring transducer. Thus it is necessary 
to provide amplifiers. Only a few are 
available commercially and are men- 
tioned in the table. 

Processing and drying equipment is 
available, and almost any sundry 
attachments such as remote controllers, 
etc., can be obtained by special arrange- 
ment with the manufacturer. 
Conclusions 

The major advantages the galva- 
nometer recorder has over all other 
recording systems is its considerable 
versatility and simplicity; the fact that 
a long-duration continuous record is 
possible; and that many parameters—at 
least up to 50—can be measured simul- 
taneously over a frequency band which 
includes a great many interesting 
phenomena in the fields of vibrating 
structures, missile and aircraft kine- 
matics, control systems, power supply 
systems, geophysics, medicine, etc. 

The one great disadvantage is the 
accuracy of response, which is better 
than most high-speed pen recorders but 
somewhat worse than a cathode-ray 
























Fig. 5 Another view of the instrument 

in Fig. 3 which shows the separate 

permanent magnet units which are 

needed for each channel 

oscilloscope. Note that, although not 
strictly within the terms of this review, 
interchangeable transducers are 
available for insertion in some of these 
instruments. These units mechanically 
deflect a mirror in proportion to the 
physical parameter that they detect, 
e.g. pressure, temperature, etc. The 
galvanometer is replaced in this method, 
although the optical and photographic 
facilities are utilized, thus increasing 
the versatility of these instruments still 
further. 

From the information gathered for 
this brief review it appears that the UK 
products, after a long period of meagre 
development, have in the last few years 
equalled the best German, French and 
American equipments, and that the 
UK intends to keep abreast in this 
important data-handling field. 


Table of recorders overleaf 
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‘ é : 
Galvanometer data ; 
Manufacturer Description Channels Recording medium Chart Weight and size ——————_——_ _—- — ---—- —— 
width and Galvo Undamped Response Damped Damping Damping 
normal type natural flat within sensitivity, method resistance 
length frequency, + 24%, mm/mA s for 0-64 
c/s c/s critical, Q 
: 
Films & Equipments 3 
Led Galvanometer 25 { 6in 17-5 x 12-5 T53 175 122 450 E/M 250 : 
Tick No. 22! trace recorder, 200 ft 10-8 in. TS55 40 28 15,000 E/M 250 i 
F 50 Ib T57 100 70 3,000 E/M 250 ' 
TS58 2 140 470 E/M 250 
Photographic paper T60 300 210 210 E/M 250 
(Iiford BK 1 or i T72 1,500 1,050 40 F 
{ Kodak RP35) T73 1,500 1,050 16-2 F : 
T82 4,000 2,800 0-58 F 
—____—___—_————T0 6,000 4,200 0-13 F 
Galvanometer 50 12 in 17-8 x 17-5 ‘ 
trace recorder, ° x 10°8 in. 
type 4/2 70 Ib 
Woodhill Engineering A.R.L. galvo 12 Photographic film or 70 mm 19x 74x D 70 56 380 ) 400 
Co Led recorder, paper. Film—lIlford 40 ft 84 in. with case B/4/200 82 65 340 150 
type A FP3. Paper—Kodak 29 Ib U 108 86 150 | 130 
Tick Ne. 222 RP30 T 125 100 110 anem | 68 
1084 320 256 20 ! 68 
1124 250 200 30 | 68 
1024 158 126 80 90 
A/4/200 60 48 660 J 250 ‘ 
A.R.L. galvo 10 Film only Ilford 35 mm 84 x4} } 
recorder, FP3 or = suitable 30 ft 2} in. 8 Ib 
type E colour film 
New Electronic Series 1050 6 Ultra-violet direct 120mm Recorder: ’) BB30 30 E/M 400 
Products Ltd direct writing or acting paper. Imme- 100 ft 10 x 12 « 13 in. BB40 40 E/M 250 
Tick No. 223 galvanometer 12 diate read-out with- Power unit: BB65 65 E/M 250 
. recorder out processing. Fix- 8x 10x 11 in. BB130 130 E/M 250 
ing methods if neces- 75 Ib total BB250 250 E/M 250 
sary BBS0O 500 F 
BB650 650 F 
BB1100 1,100 F 
| BB3000 3,000 F 
| 
Series 1000 6 { 6in 12 x 15 x 18 in. 
multi-channel or 200 ft 77 Ib > 
photographic 12 ; 
recorder : 
High speed 24 8 in 145x17x24in. | 
type 1100 200 ft. 1301b | 
gal vanometer > : | 
recorder Photographic paper | 
(Kodak RP30) J 
Series 2000 6 60 mm 5 x8 x 8} in. 22 
multi-channel 31 ft 15 Ib 40 
miniature 65 
recorder 130 
250 
650 
Cambridge Instrument 6 element 6 120 mm 33x 30x22-Sin. |) Extra L.F. 160 200 F 
Co Ltd oscillograph 20 m 154 Ib L.F. 3,000 35 F 
H.F. 10,000 0-35 F 
Tick No. 224 Photographic film or Extra H.F. 17,000 0-25 F 
paper Watt 2,500 0-95 F 
> < with 
—— ————- --———_. 5 amps 
12 element 12 300mm = $5 x $3 x 29 in. | in field 
oscillograph | < 20 m 559 Ib | coil 
J (lever = j 
J L 60 cm) ; 
: 
Savage & Parsons Recording 6 (120 mm 16x 12x11 in. 3,000 
Led ‘ camera 551 
Tick No. 225 type C631/6 
>Photographic paper < 
Direct writing 12 | 6in. P.O. rack 1,000 
oscillograph to mounted 
type 1S ' 
RG32-12/15 J L : 
Tinsley & Co Ltd Recording 3. Photographic paper 15-5cm 1-0 84,000 F 
galvanometer 1-0 180,000 F 
Tick Ne. 226 type 4776 1-0 350,000 F 1 
1-0 F 4 
(lever = 
1 metre) 
iecieniataetiniiatiatiaas : = 
* E/M_ electromagnetic damping F fluid 
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Galvanometer data 


= iene teliagiicaite si Chart drive facilities Visual Approximate Remarks and special features 
; Galvo Max. safe Cost rer display cost 
: resistance, current, galvo 
j 2 mA ; 
: 
58 3 £1,375 Optical lever=1in. Normal power supply—22-29 V d.c. 
42 3 Chart speeds—(High) 50, 25, 12:5, 62, Calibrated (less Common magnet block. a = 
‘ 58 3 3-1; (low) 5, 2:5, 1-2, 0-6, O-3in/sec. full-width galvos) Can supply single and multi-channel d.c. and carrier amplifier 
86 3 Electrically-operated change between viewing equipment. 
110 3. >All £20 low and high speed range. Select single- screen (spots 
: 5 250 shot footages between 6in. and 10ft. only). Scan- 
: 87 250 Footage indication ning drum 
5 250 optional 
3-2 250 J — 
, 
£1,575 
(less 
galvos) 
111 } Chart speeds—with 24 V motor, §, 1}, £300 Sensitivity to external acceleration. Class I 6 10~* in/2g 
63 Class I 24, Sin/sec; with 115 V motor, 1}, 24 (less Class If 10 x 10-* in/2g. Class III 20 x 10~* in/2g. The response 
75 £59 5, 10 in/sec. Footage indication galvos) is flat to + 5%. Optical lever = 11 in. Normal power supply— 
60 Class II 24V d.c. or 115 V 400 c/s 3-phase. Common magnet block 
68 f £25 
64 Class ll 
64 £12 
63 J —- —~— oo - 
View £610 Normal power supply—24 V d.c. Common magnet block 
: through (less 
film galvos) 
j 
(Chart speeds—0-2, 0-6, 2, 6in/sec; or Spots £570 or The sensitivity of external acceleration of all galvos is better 
4, 2 or 4 times these speeds. Lever type through £685 (less than 1:5 mm/g at an optical lever of 40 cm. Single and multi- 
footage indicator paper galvos) channel d.c. and carrier amplifier equipment’ available. Mains 
power supply. 
40 10 £35 | 
40 10 £35 Same as above but no 4 times speed. Viewing £700 Mains or 24 V d.c. power supply 
50 10 £27.10 screen (less 
100 25 £25 galvos) 
180 25 £25 4 
70 35 £25 
50 35 £25 
50 35 £25 
70 50 £30 | 
Chart speeds—0-25 to 40in/sec at 8 £1,650 Mains or 110 V a.c. 50 c/s 
| different steps, or twice these speeds. (less 
| Lever type footage indicator galvos) 
Chart speeds—4, 1, 4, % in/sec. Lever £570 Normal power supply—24 V d.c 
and scale footage indicator (less 
galvos) 
30 1 Chart speeds—Continuously variable up { Time base £1,200 Single and multi-channel d.c. and carrier equipment available 
3 50 to 12 m/sec for paper. Alternatively, | mirror drum (including A 4-channel photographic recorder (medical) can be supplied 
23 100 drum camera for film up to 2 m/sec. | for oscillo- galvos) Mains power supply. Individual permanent magnets. 
1-5 100 Clutch operation for single-shot tran- | graphic 
3 50 sient phenomena. ) display 
| Only a £3,100 
calibrated (including 
viewing galvos) 
(screen 
. 
Chart speeds—i, 5, 15 or 50 in/sec. Single and multi-channel d.c. and carrier equipment available 
Continuous or 2, 5 or 10 ft single-shot Common magnet block. 
: 
Chart speeds—150, 50, 15, 5 in/sec; 150, Common magnet block 
50, 15, 5 in/min. 
10 Chart speeds—1 cm/sec or 1 cm/min. Single and multi-channel d.c. and carrier equipment available 
50 Individual permanent magnets. 
140 
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Both general development and flying time for the drone Canberra's 
system were minimized using the techniques outlined here 


PART 3—FLIGHT and ASSOCIATED GROUND TESTING 


From the design of a system 
using ground simulation, 
Foody and Mills turn to per- 
formance in flight and the 
associated ground testing 


THE OBJECT OF CAREFUL INITIAL DESIGN AND GROUND 
testing is to ensure that the minimum number of flight 
testing hours will be necessary. Irrespective of how much 
of this work is carried out, however, the crucial test is the 
performance of the system in flight. This quickly brings 
to light any limitations in assumptions made, and the 
effect of environment as represented by such phenomena 
as vibration and temperature characteristics. Simulator 
records will prove invaluable and far from having outlived 
its usefulness, the simulator will remain a powerful tool 
in trouble-shooting and in the explanation of system 
characteristics. During the flight test programme, a 
healthy ground test procedure should be developed, and 
adhered to, and a system of pre-flight checking established. 

We turn now to the final stage in control system 


MAKING 
AIRCRAFT 
SYSTEMS 
WORK 


by J. J. FOODY, M.Sc. 
Head of Analytical Dept. Short Brothers & Harland Ltd 


and F, D. C. MILLS, B.sc. 
Group Leader—Analytical Dept, Short Brothers & Harland Ltd 


design: combined flight and ground testing, and see how 
earlier work has reaped its reward in the reduction of 
expensive flying hours. 


Flight testing in command conditions 


When the system has been modified and developed to 
give satisfactory behaviour on the simulator, flight testing 
can proceed. This has two main objects: first, to prove 
that the system works well enough to satisfy the specifica- 
tion over the required range of speed and altitude; and 
secondly, to prove that it is reliable, or to improve those 
aspects of the design which work but give rise to undue 
unserviceability. 

If the initial design and simulation have been carried 
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out efficiently, the first phase will be relatively short, 
although there is a minimum amount of flying which 
must be completed, i.e. the testing of the system at a 
sufficient number of speeds, altitudes and conditions of 
flight to establish that it works over the required range. 
The second phase—reliability proving—also involves a 
certain minimum amount of flying, although some 
sources of unreliability will have been discovered during 
simulation and the necessary modifications made already. 


A cautious approach 


In the first few flights, a fairly cautious approach is 
adopted in view of possible hazards due to system mal- 
functioning. The first engagements of the automatic 
system should involve the safest condition of flight. This 
is determined by examining the variation of actuator 
torque and movement per g, and the speed of response of 
the aircraft with altitude and airspeed. A condition of 
flight in which an actuator runaway is incapable of 
producing dangerous conditions (or, at worst, where 
ample time is available for the pilot to take recovery 
action should failure occur) can usually be found. The 
initial tests normally consist of checking the engagement 
and disengagement of each channel, elevator, ailerons, 
rudder and throttles and ensuring that no ‘snatch’ occurs. 
Each channel is then engaged separately and the be- 
haviour in response to disturbances recorded. Next, 
aileron and rudder can be engaged together and elevator 
and throttles checked before all channels are finally 
engaged. A similar process, although different in detail, 
is followed for systems which do not control on all 
channels, e.g. the large number of autopilots without 
airspeed control. 


Steady flight conditions 


The next phase of the programme is fairly clear cut. 
The remaining steady flight conditions are arranged in 
order. Usually this means working up to maximum speed 
and altitude, through suitable intermediate conditions, 
and testing engagement and stabilization about each 
datum condition. The order of the programme depends, 
of course, on the capabilities of the system. If auto- 
controlled climbs and descents are possible, then these 
should be checked at a fairly early stage; engagement 
time can be accumulated in each flight by climbing and 
descending under automatic control, while testing level 
flight conditions over the altitude range. On the same 
principle, if turns are possible, flight time will be used 
more economically when the necessary turning to keep 
within reasonable range of base, can be done under 
automatic control. 

This phase is complete when each condition of flight 
has been checked for stabilization; e.g., high speed level 
flight at low altitude, climb from low altitude to ceiling, 
possibly automatic approach down to a break-off height, 
to quote but a few. In the case of simple systems providing 
stabilization only, there is no fresh territory to explore, 
but if the system provides for changes of datum condi- 
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tions or transitions, then these occupy the next stage of 
the programme. 


Flight testing of transitions 


As a system which can cater for transitions must, of 
necessity, have greater authority than an autostabilizer, 
a certain amount of caution is required in programming 
transition flight testing. Normally transitions will fall 
into several groups: 


. From level flight to climb 

. From level flight to descent 

. From climb to level flight 

. From descent to level flight 

. From straight flight to steep turns 

. Large changes of datum speed in level flight 
. From level flight to the approach. 


NIAUaLWN- 


Specialized systems may include such groups as take-off, 
landing and level flight to various manoeuvres. 

It is important to avoid excessive accelerations and, 
therefore, stresses on the aircraft. Since a transition is a 
change in datum conditions, large errors will be present 
when the new condition is selected. For example, in a 
transition from climb to level flight, a considerable change 
in aircraft pitch attitude is usually necessary. After 
selection of automatic level flight, there will be a large 
pitch attitude error signal to the pitch amplifier. This 
signal calls for a relatively large elevator movement and, 
unless special precautions such as limiting the authority 
of the elevator are taken, the airframe may be over- 
stressed. 

Some information on this point is normally available 
from the simulation work. Unfortunately, however, the 
results on transitions are suspect because relatively large 
changes of speed and height are involved, and the stan- 
dard linearized equations of motion no longer represent 
the aircraft behaviour accurately. Non-linear equations 
can be, and are, used, but the background of experience 
on their validity is restricted. Nevertheless, the simulator 
can generally distinguish between severe and gentle 
transitions, and the flight programme can be arranged so 
that an order of predicted severity is maintained. If the 
flight results on the first transitions are then compared 
with simulator results, the accuracy of the predicted 
results can be checked, and the assessment of the expected 
behaviour in later transitions modified. A gradual work- 
up is then carried out through the range of transitions, 
possibly involving some modifications to the system 
during the course of the programme. 


Specialized in-flight testing 


So far we have assumed that system behaviour has 
been more or less as predicted, apart from minor dis- 
crepancies. It may happen, of course, that some auto- 
matic condition is very different in flight from expecta- 
tions, although no equipment fault can be traced. A 
fundamental system error may, therefore, be suspected 
and if a re-examination of simulator results does not 
help, a flight analysis is inevitable. It is useful in these 
cases to obtain in-flight open loop frequency responses. 
This can be done by breaking the loop after the sensing 
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elements, feeding in sinusoidal signals to the amplifier 


and recording the outputs at each stage in the loop. For 
this purpose it is wise to build, or otherwise obtain, a 
very low frequency generator suitable both for use in 
flight, and for feeding to the system under test before the 
flight test programme begins. The ability to inject step 
inputs is also sometimes useful. The frequency range 
required will depend, to some extent, on the system but, 
in general, a range from 0-01 c/s to 5-20c/s will be 
required. The main difficulty in using this technique is 
that the flying time required is excessive; the frequencies 
are low, and the transients must be given time to die 
before amplitude ratio and phase shift can be obtained. 
It may take up to 10 minutes to obtain one point on the 
frequency response plot. Hence it is only after all other 
methods have been exhausted, that a programme of this 
nature should be attempted. 


Flight instrumentation 


Due to the high cost of flying a prototype aircraft 
control system, it is essential that the maximum informa- 
tion be obtained from each flight. In our experience, it is 
difficult to lay too much stress on the need for compre- 
hensive instrumentation not only of the aircraft behaviour 
but of the internals of the control system itself. If possible, 
the aim should be to record the input and output of each 
link in the chain, some of these variables being aircraft 
parameters. This is not always practicable because of 
space and weight limitations, if the system is complex and 
requires a large number of recording channels. It is 





Tabie 2 


TYPICAL AUTOPILOT AND AIRCRAFT VARIABLES 
WHICH MAY BE RECORDED IN FLIGHT 


AUTOPILOT VARIABLES 


Pitch rate gyro output 

Roll rate gyro output 

Yaw rate gyro output 

Height lock signal 

Elevator position feedback current 
Aileron position feedback current 

Rudder position feedback current 

Magnetic amplifier outputs 


AIRCRAFT VARIABLES 


Pitch angle Rev/min 

Pitch rate Bank angle 
Normal acceleration Roll rate 
Elevator angle Aileron angle 
Elevator rod force Aileron rod force 
Altitude Yaw rate 
Throttle position Rudder angle 
Airspeed Rudder rod force 
’ Sideslip angle 





usually possible, however, to arrange the flight pro- 
gramme so that a certain group of variables is significant 
in any particular flight, and this group only is covered 
by the available instrumentation. A typical set of 
variables to be recorded is given in Table 2. 

The amount of instrumentation necessary is influenced 
by the development state of the system. If it consists 
largely of well-tried items of equipment together with a 
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few specially-designed items then, obviously, the need 
for some of the instrumentation is less urgent. 


Flight recording 


Recording can be done in several ways, the choice 
depending on the complexity of the system under investi- 
gation, and on the equipment available. The obvious 
method is to photograph a panel of aircraft instruments, 
but this has the disadvantage that the film must be 
processed, and the instrument readings plotted, before 
any picture of the system behaviour is obtained. Further- 
more, additional instruments are required for any non- 
standard variables. Hussenot recorders are in common 
use although the records obtained require processing. 
They are in the form of traces, as shown in Fig. 22, and 





Fig. 22 This Hussenot recording shows throttle movement, 
airspeed and altitude against time 


quickly provide the control engineer with the overall 
picture. More detailed analysis, however, is rather slow. 

Magnetic tape recording is also used, the advantages 
being that the tape can be erased and used again, and 
that it can be fed to computers where the results can be 
analysed mathematically at high speed. By this means an 
enormous amount of data can be processed rapidly after 
each flight. 

All this information has to be assimilated, however, 
and obviously there is no substitute for the control 
engineer who fully understands his system. He can avoid 
an immense amount of analysis of results by intuitively 
putting his finger on the likely sources of trouble. 

The pilot should not be forgotten in the scramble for 
bigger and better instrumentation systems. Although the 
complexity of modern aircraft systems is such that it is 
impossible to appreciate fully more than a fraction of 
what is happening, the pilot can still make a valuable 
contribution. Being human, he will make mistakes 
occasionally and report certain flight events erroneously 
but, in general, his objective and technically detached 
criticism can bring the control engineer back to earth 
and possibly lead to a fresh approach to the problem. 


The simulator and the flight test programme 


There are considerable advantages in running the 
simulator in parallel with the flight programme, with 
continuous correlation of results. It cannot be expected 
that any simulator representation can be 100° accurate 
and some further modification of the system, although 
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on a much reduced scale, will be required as a result of 
flight tests. 

Parallel simulator operation provides three main 
benefits: it assists in locating faults occurring in flight; it 
provides pre-flight evaluation of a proposed modification ; 
it increases simulator design know-how. 

It is almost impossible to instrument an aircraft control 
system so that all possible faults are clearly pin-pointed 
in the flight records. If the fault is continuous, it can 
usually be traced by a process of systematic elimination 
and this can be aided by the intuition of the system 
expert. An intermittent fault, however, poses a different 
problem because the trouble usually disappears as soon 
as ground testing of the system begins. The simulator 
can be of great assistance here; the flight behaviour under 
various fault conditions can be reproduced, by deliber- 
ately introducing the suspected fault into the simulator 
set-up, and the results compared with the flight records. 

During flight development, various system modifica- 
tions will be necessary, some of which will affect flying 
characteristics. Before incorporating this type of change, 
it is worthwhile to evaluate its effect on the simulator. 

Unfortunately, a change of this nature is usually 
necessary because the original simulation has not been 
fully representative of some aspect of the airborne con- 
ditions. Even so, the simulator will often bring to light 
adverse effects of the modification; if this advance 
information is obtained in as few as 50° of the cases, 
the simulator check is still worthwhile. 


Increasing simulator know-how 

The remaining advantage of parallel simulation is that 
knowledge of the technique itself is advanced. Simulation 
is a relatively new subject, and the only way to test its 
validity is by comparison with flight test results. The main 
sources of inaccuracy are the aircraft aerodynamic 
equations, the engine equations and the rig simulating 
control-surface loads. The equation coefficients and load 
parameters are not highly accurate, but many of these 
quantities can vary over a wide range, with little effect on 
the system response. Some are significant (for example, 
the product of inertia term in the lateral equations) and 
it is this knowledge of the important variables which is 
valuable for future reference. 

The effect of simplifying the simulator may be deter- 
mined at this stage. Obviously, simplification of future 
simulators would cut the amount of work necessary 
throughout a programme. Furthermore, in some cases, 
it will be possible to keep a continuous approximate 
check on simulator results by theoretical calculation of 
single examples. For example, we found that the opera- 
tion of the speed control loop could be examined by 
representing the aircraft by a transfer function of the 
form 

V k 


T 1+ pT, 
Here, V represents speed change from the datum condi- 
tion, 7 thrust change, 7, the aircraft time-constant in the 
airspeed freedom, and k a constant for small changes in 
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units of knots/Ib. thrust change. Fig. 23 shows that this 
investigation gave a very good first approximation to the 





Fig. 23 A simplified speed control set-up (below) shown to 
be in good agreement with the complete set-up 


results obtained with the complete aircraft equations 
included, and with flight results. The simplified set-up 
enabled us to approach the more complicated system 
with some knowledge of its operation. 


Associated ground testing 

Adequate ground testing provides a careful check on 
the flying system. The aims and emphasis of these ground 
tests gradually shift as the flight development programme 
progresses, although thorough checking of all functions 
whose failure, or incorrect operation, would affect the 
safety of the aircraft, continues. Apart from this import- 
ant aspect, initial ground testing can be regarded as part 
of the research and development programme; later, 
increasing stress is laid on achieving reliability in an 
already fairly well-established system. 

The bench-testing of a typical prototype is shown in 
Fig. 24. 


Parallel simulation 

Initially, ground test work is associated with the flight 
trials of one or more prototypes, and lack of flight 
experience necessitates elaborate and detailed testing. 
More time is spent on checking the system installation 
than could be afforded, or should be necessary, at a later 
stage when aircraft availability at specified times becomes 
the dominating factor. At this stage there are two con- 
flicting requirements: satisfactory operation in flight 
versus economy in time spent ground testing. Therefore, 
the test schedule must be streamlined. 





The initial tests include the normal bench testing of 
system elements before installation in the aircraft, and 
similar checks performed after installation. The parallel 
simulator work is aimed at ensuring that the system 
dynamics in flight will be as close to those obtained on 
the simulator as possible. 


Further simulation 


A second simulation of the prototype, with the aircraft 
and installation in the loop, may be necessary to ensure 
that the dynamics are lining up. The aircraft control 
surfaces can be loaded artificially, to represent in-flight 





Fig. 24 A prototype autopilot undergoing bench testing 


aerodynamic loads, with an analogue computer represent- 
ing the aircraft dynamics. The additional time and 
expense is not always justified, however, because the 
only real advance from laboratory simulation is that the 
actual aircraft control runs are included. Each case must 
be considered on its merits. 

If a second simulation is not considered worthwhile, 
then the simulator information must be included in the 
form of additional bench tests on the system elements 
before installation, and further tests on the aircraft 
installation. In general, this approach leads to two types 
of test: checks on adjustable parameters, such as feed- 
back attenuations, amplifier gains and signal zeros; 
routine system functioning checks. 

So far as adjustable parameters are concerned, the aim 
is to achieve repeatability in dynamic behaviour and in 
changes in datum conditions in transitions. The ratios, 
elevator movement per degree pitch attitude error etc, 
are the fundamental feedback constants, and will depend 
on attenuator settings, forward gains and internal feed- 
back levels. Hence the need for periodic checking of all 
these parameters, with re-adjustment where necessary. 
It must also be ensured, for example, that a given position 
of the pitch reference gyro calls for the same elevator 
position, in addition to the increment ratio being correct. 
Signal zeros require checking and, possibly, adjustment 
to achieve this. 

Routine functioning checks will be carried out at more 








frequent intervals, a carefully selected schedule being 
performed daily or pre-flight. The daily test covers the 
functioning of all aspects affecting aircraft safety, or 
ability to complete its mission, but all less important 
functions should be checked less frequently. In this way, 
sources of unreliability will be highlighted. 

Ground testing is the final link in the chain and 
meticulous attention should be paid it so that the system 
can be sophisticated to the stage where operation is 
satisfactory, and the serviceability rate acceptable to the 
user. 


From design to installation 


We have attempted to show that the problem of 
making aircraft control systems work demands consider- 
able thought and pre-planning. It is useless having 
vaguely associated groups of people handing, what they 
consider to be, finished products to the next group along 
the line and merely building up a major headache for the 
man who can pass the responsibility no further. Such a 
process leads to chaos, and long drawn-out flight testing. 

The approach we have outlined preserves continuity 
throughout the design process, from the determination of 
basic requirements to the finalization of the system. We 
have shown that a good working dynamic model of the 
system, or simulator, can knit the varying aspects of the 
job together, and ensure a continuous view of the final 
objective. This approach costs money and it is not 
difficult to prepare an estimate of how much. Without 
considerably more experience, however, it is difficult to 
make an accurate estimate of how much time and money 
is saved by the provision of a simulator. Nevertheless, in 
our experience, the simulator approach leads to signifi- 
cant and all-embracing economies apart from the 
undoubted improvement in the safety aspect. 

On the other hand, we are acutely conscious of the 
limitations of the simulation procedure and the limita- 
tions imposed upon it by the ground equipment available 
at present. Many extra items could be included at a cost, 
but there is a point where the representation gained does 
not warrant the expenditure involved. It is difficult to 
know where to draw the line, but a little thought can 
sometimes dismiss the more outlandish attempts at 
representation such as, for example, the representation 
of normal acceleration on aircraft systems. This may be 
necessary On some systems, and attempts have been made 
to represent it for pilots’ benefit in manually-controlled 
flying systems, but the requirements must be weighed 
against the overall expenditure involved. 

It is fair to conclude that many aspects of the approach 
outlined here are a matter for individual opinion. Proof 
that this approach is better than another, cannot readily 
be given. This much is certain, however: whilst there 
is still an element of art in deciding how far one should go 
in ground test and simulation procedures, the science of 
simulation is one which has come to stay. 
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by RONALD J. TRUSCOTT: 8.SC. (ENG.). GRAD.1.E.E. 
Electrical Engineering Division, Ship Department, Admiralty, Bath 


Useful networks : 
for servo designers 


THE TABLE SUMMARIZES THE PHASE single-stage and buffered two-stage quency can be included in a negative 

advance characteristics of some com- series networks, a buffered two-stage feedback loop, to reduce the response 

mon networks used by servo amplifier parallel circuit, and a lattice network. of an amplifier to harmonics without 

designers, together with the frequency The latter is also shown as a notch greatly affecting the gain at the signal 

response of two networks which can be filter, with a parallel-T network used frequency. 

used as notch filters. for a similar purpose. Part 1 of an article which discusses 
The phase advance circuits include A notch filter tuned to signal fre- the design of servo amplifiers is on p 73. 


NETWORK VECTOR DIAGRAMS MAX. PHASE ADVANCE 


j R, e ‘ 
190° : 
Single-stage series phase advarice Increasing trequency 20 f mam + r, CiR: Ts KT, 
- 5 90° ! 
tad é , , (lL + pT) 
— % e 60° cout K ra oT.) 
’ 3 
30° ; - 
.» Maximum angle of phase advance 


E , 
Ein, where p = jw 

Moximum 
angle of am 
phase > \ fe 0 \ 

Innciansintient i wall 
advance 9 Fie; _ 2 1 10-100 :~-1000 

2 n DOC. attenuation K 


’ arc sin | : . 


K, = R,/(R, R:) K, = Rif(Rs + Rv) 
7; CR: Ts CR; 
Two-stage eecies hase advance witt ncreasing frequency T: K,T, T, K,T, 
buff¢er amplifier — . s oie 
Eu KKM! prya pT) 
Drawn for (l pT, (l pT) 
Kw Ky K é ian alae K, pee K, 
max are sin; x, are sin | K, 
and for a given overall attenuation K, K, this 
Sie etruaten K2 is max. when 
7 : I K, 
K, = K, = 2arcsin | _ x 
Maximum angle of phase advance is 
obtained when 7, CiR, CR: 


Parollel phase advance Increasing frequency 


al ee If A = Amplifier gain 
L. f fA, 5 2 a (pT,) (pT)A ’ 
Cy Gain=A-_ ™ , 3 q * Drawn for Eout Ein | 1+ (i+ pry O pT.) 
ay f ' Four het CyRy=C2R2 K 97 
Ein zi AE, ot \ (7. $ mar = are tan gy x / [.8 
Spices hin cag Rell Ey, NC “sere -) = ee _ 


10 100 1000 mar at frequency f occurs when 


Amplifier gain A \ 3 
N= 90 a) 


NETWORK VECTOR DIAGRAMS 


Lattice network as phdse advance circuit increasing 
Increasing increasin 
frequency —" Sree - a phase advance — os < 

<1 a1 and the characteristics are illustrated in 

t . : 4 ; 

5 the circle diagrams. It will be noticed that 

— 2 ; . foo for small values of the ratio C,/C, phase 

zero in lag is obtained at low frequencies. 


zero 


Cc f . = 
Case for Ra=R; Ry=5Rp case for Ry=SRy= SR2 


Increasing) »=-— 
frequency ~~ 


When used as a notch filter Rs; > R, and 
the characteristics are illustrated in the 
diagrams. Notch frequency fo is given by 


f 1 AJ ( I \ 
: 2a R:R:C,C; } 
Case for R4= co 


Increasing : 
frequency . Notch or null frequency /, is given by 


1 
So + VA 
No output . 2*RiCi 


c faut at notch . Ri _ 2C, 
2 5 frequency n ~ 
ean paeipeiannaeciaiee 2R: Cs 
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IDEAS APPLIED ... 


to FLOW 


Flow measurement without restriction 


B. W. BALLS, Foxboro-Yoxall Lid 


Measurement of liquid flow rates with- 
out the use of moving parts or impulse 
lines, which are susceptible to blockages, 
is achieved using the Foxboro magnetic 
meter. This new instrument is based 
upon the Faraday law of electromagnet- 
ic induction which relates the length of a 
conductor (/), moving in a magnetic 
field (strength H) with velocity (v) to the 
generated electromotive force (E). The 
equation is, E = klHv where k is a 
constant. In construction, the magnetic 
meter is a non-magnetic pipe section 
(stainless steel) with insulating lining 
(e.g. Neoprene), surrounded by specially 
shaped coils and a magnetic core to 
create a uniform field across the pipe- 
section, when the coils are energized 
with an a.c. supply (Fig. 1). Two dia- 
metrically-opposed point electrodes are 





A uniform field is created 


Fig. | 
across the liquid flowing through the 
pipe 


inserted on a diameter at right-angles to 
the magnetic field and are the only parts 
of the measurement system in contact 
with the flowing fluid. A fluid with a 
conductance greater than 50-100 
#mho/cm (e.g. normal tap water) 
flowing through the meter pipe section 
generates an alternating voltage which is 
then measured using a specially designed 
Foxboro Dynalog electronic recorder. 
When the diameter d is substituted in 
the above equation we have E = kdHV, 


90 


which means that the generated e.m.f. is 
directly proportional to the linear 
velocity of the measured fluid. The 
measurement is unaffected by viscosity, 
density, or composition of the fluid. By 
design the supply voltage and frequency 
variations and changes in liquid con- 
ductivity do not affect the accuracy of 
measurement, which is better than 
+ 1% full scale when the top-scale 
velocity is 5 ft/sec or greater. The scale 





Fig.2 A practical flowmeter with its 
covers removed 


form is inherently linear, so that a 
rangeability of 100 : 1 is obtained. 

The unique features of the magnetic 
meter derive from the completely un- 
obstructed passage of flow, absence of 
moving parts and impulse lines. Meas- 
urement of slurries (e.g. cement, lime 
and crushed ore), sewage, wood pulp 
and paper mill stocks, crystallizing fluids 
and food pulp (e.g. tomato) presents no 
problem, particularly as an abrasion- 
resisting lining can be used. The 
insulating lining may be chemically 
resistant so that corrosive materials can 
be handled. Typical examples are strong 
acids and fertilizers. The simplicity of 
construction and ease of cleaning makes 
the meter suitable for general use in the 
food industries. There are no crevices or 
pockets where stagnation can occur. 

An almost unlimited range of sizes is 
possible. For example, a 72in. meter 


will measure 500—50,000 gal/min, whilst 
a 1/10in. meter is suitable for 0-002- 
0-2 gal/min. An example is shown in 
Fig. 2. 


- - - to PRESSURE 


At a recent SIT meeting Airey of the 
National Gas Turbine Establishment 
gave a lecture on a digital instrumenta- 
tion system for jet engine testing. He 
mentioned three digital instruments that 
the establishment had developed, and 
because of their general interest a few 
notes are given below. 

The digital manometer was developed 
for steady-state measurements only, and 
compares. favourably in price (about 
£100) with instruments of higher speed, 
and similar accuracy, used on a time- 
sharing basis. The manometer consists 
of a U-tube with one leg thicker than the 
other. It is possible to use U-tubes of 
different sizes so that a pressure range of 
0-20 in. Hg may be converted to one of 
0-200 in. Hg by change of pipes, in 
both cases the accuracy of reading being 
0-1% of full scale. Inside the larger leg 
is a float which carries an optical coded 
scale 10-24 in. high. The float is central- 
ized in the glass tube and passed through 
a small quantity of solvent which is on 
top of the mercury. The solvent and 
specially designed float reduce surface 
tensions to a negligible value, with the 
result that the float will follow the 
solvent/mercury interface to within 
0-002 in. The tube is mounted in a 
vertical position and movement of the 
scale is detected by the optical system 
shown in Fig. 3. At the top of the float 
tube a uniform sheet of light is projected 
through the scale, filtered by a 0-01 in. 
slit and fed to 10 phototransistors. The 
phototransistors are too large to fit 
behind the individual 0-07in. wide 
tracks, so the light is passed to them by 
polished Perspex rods fitted in a slotted 
metal block. 
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Accuracies of + 0-2% full scale have 
been achieved using commercial tubing; 
individual calibration is required be- 
cause of the tolerances on the nominal 
size of commercial tubing. Compared 
with miniature electrical pressure trans- 
ducers the digital manometer is a large- 
volume instrument, so that it has a slow 
response for long lengths of small-bore 
tubing. After a full-scale pressure 
change a 100cm manometer takes 
12-15 sec to reach 99-9% of equilibrium, 
if the mercury column is critically 
damped. A 6 atm. instrument gives 
99-9% response in 25 sec. 

The digital Bourdon gauge uses an 
ordinary instrument whose spindle 
rotates a light optical coded disk. The 
light source and phototransistor assem- 
bly are similar to those used on the mano- 
meter. The accuracy is equal to that 
of a normal gauge, about +0-5-1-0%. 

The digital galvanometer was deve- 
loped to meet the need for a relatively 
cheap analogue-to-digital converter 
which could be used with transducers of 


Light source 





ra ; 
a, os, <a 
Cf = Sheet Perspex light- 
Za ra Soul ite guides duibutey 
g<Galvanometer light to multipher 
murror and lens photocells 


Fig. 4 A rotation of the galvanometer 
mirror will cause the scale image to 
move across the slit 


+-0-1% accuracy. By using a technique of 
successive approximation this accuracy 
has been exceeded. Furthermore the 
technique results in a dual-purpose 
instrument; it can be used as a converter 
scanning up to 4 inputs/sec, or it can be 
used with one rapidly changing input. 
The value of the galvanometer lies in its 
high sensitivity and this dual-purpose 
role. 

The principle of the instrument is 
shown in the simplified Fig. 4. The 
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Fig. 3 The scale 
of the digital 
manometer 
moved up or 
down in response 
to pressure 
variations 
Figs. 3 and 4 appear 
by courtesy of the 
Society of Instrument 
Technology 


response is limited only by the perform- 
ance of the mirror galvanometer. A 
deflexion of the galvanometer will move 
the image across the slit, thus varying 
the proportions of the light supplies to 
each of the 10 multiplier-type photocells. 
With the digital scale and slit about 
12 in. from the mirror, a digit width of 
0-010 in. and a galvanometer movement 
of 7°, the full-scale deflexion may be 
divided into 300 parts. This is adequate 
for commercial galvanometers rated at 
1% of full scale. Tests using a 40 c/s 
galvanometer showed an_ overall 
accuracy of + 05%. A 50 ohm 40 c/s 
galvanometer will give a full scale 
reading for 10 »A, which shows the high 
sensitivity available. 


- « - fo DISPLACEMENT 


Displacement measurement using 
semiconductors 


C. HILSUM, Services Electronics Research 
Laboratory 


Indium antimonide, the semiconducting 
compound made from indium and 
antimony, is a versatile material. It has 
been used as a photocell and as a 
magnetometer for measuring small 
magnetic fields. A new application is to 
the measurement of very small displace- 
ments, using the ‘magnetoresistance 
effect’. Nearly all semiconductors in- 
crease in resistance when placed in a 
magnetic field, but indium antimonide 
shows the largest change of all. The 
change depends on the shape of the 
specimen used, and a square specimen 
has a resistance in a 10,000 G field of up 
to 7 times its zero field resistance. As a 
result, if we obtain such a field in a small 
air-gap of a permanent magnet and place 
the indium antimonide element at the 
edge of the gap, where the field falls 
rapidly to zero, the smallest movements 
will be detectable as a change in resis- 
tance. 

One practicable system is illustrated 
in Fig. 5. A rectangular piece of the 
material has a hole sand-blasted in the 
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middle, some copper plating is applied 
and four leads are soldered on. The 
completed unit is equivalent to a Wheat- 
stone bridge, and if it is made carefully 
the bridge will balance. When the side 
ABC is arranged in a localized intense 
magnetic field both the arms AB and 
BC increase in resistance, and the bridge 
will balance now only if they increase 
the same amount, as they will do in a 
symmetrical position. Movements of the 
specimen as shown in the diagram will 
throw the bridge off balance, and there 
will be a linear relation between the 
movement and the out-of-balance 
voltage. 

The system can be used with either 
d.c. or a.c. drive, but since the specimen 
resistance is only about | ohm it is con- 
venient to feed the bridge from a transis- 
tor oscillator through a_ step-down 
transformer and detect the out-of- 
balance voltage with a transistor ampli- 
fier. We may easily calculate the smallest 
detectable deflexion, and with a res- 
ponse time of 1 sec it should be able to 
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Fig. 5 A practical system using 
indium antimonide to measure very 

small displacements 

detect movements of less than 1/100 A, 

i.e. 40 wuin. An instrument was designed 

by R. D. Knight to see how nearly the 

theoretical limit could be approached. 

Two motions are incorporated; the 

coarse one is a micrometer-operated 

slide on which the specimen is mounted, 
and calibrated movements of between 

50 and 0-5 mil are available. The fine 

motion is obtained by the combination 

of a large micrometer and a double lever 
system giving a reduction of one thous- 
and, with measurable deflexions down 
to 0-01 win. The magnet, a miniature 
Ticonal permanent magnet with an air 
gap of 0-03 in. and pole pieces 0-04 in. 
square, is in a support which is held 
firmly against the second lever by two 
strong spring strips. There is no detect- 
able backlash in this arrangement. The 
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whole instrument is made of Invar, and 
to avoid draughts it is operated inside a 
Perspex cover. For the best performance 
the equipment should be used in a 
temperature-controlled room (1 in. of 
Invar expands by 0-01 “in. in0-01 degC), 
but in a normal laboratory we have 
obtained signals well above the drift rate 
for movements of 0-01 win. The drift 
rate was then about 0-5 in/h. This 
performance seems good, but it is still a 
factor of a hundred worse than the 
theoretical limit. In its present form the 
instrument is a prototype, and it would 
need some modifications in design to 
make it suitable for general use. Better 
access would be provided to the point 
of contact between the magnet support 
and the second lever, and a small 
magnetic screen placed around the 
magnet to reduce the effect of stray 
magnetic fields. At the moment small 
signals are obtained if strong magnets 
are moved near the instrument. 

The same principle can be used for a 
variety of applications such as micro- 
phones, gramophone pick-ups, and 
pressure transducers. A simple indium 
antimonide displacement transducer 
without amplifiers gives, fora movement 
of O-Olin., an output of 10 pW, 
which is sufficient for full-scale deflexion 
on a meter. Such a unit can be incorpor- 
ated in a caliper head for the continuous 
monitoring of thickness. 


- « «- fo DATA HANDLING 


Data reduction without tears 

S. A. BERGEN, Cambridge Instrument Co Lid 
While digital data-reduction techniques 
have made rapid progress in the last few 
years, by far the most common method 
of recording and storing data is, and is 
likely to remain, the graphic recorder. 
There are many forms of this instrument 
ranging from photographic devices 
through simple moving-coil thread 
recorders to self-balancing electronic 
instruments. In all cases a line is pro- 
duced on a chart, one coordinate 
representing the measured variable and 
the other a reference quantity, frequently 
time. In many cases, however, while this 
is the most convenient measuring tech- 
nique, the information obtained cannot 
be used directly in this form. 

An example of this difficulty is the 
case of a recorder used in the quality 
control of steel strip passing through a 
mill. Here the record represents the 
thickness of the strip plotted against its 
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Fig 6 A schematic 
view of the auto- 
matic chart analyser, 
showing how the 
graph on the chart 
is converted to a 
digital form 


TAPE PUNCH 


length, full-scale deflexion being typi- 
cally 0-010 in. Because of high frequency 
variations this record is not usable until 
it is analysed, the information contained 
in it being presented as percentage 
length of strip within a number of 
tolerance bands, say 5 bands each 
representing error increments of 
0-0005 in. A second example is a record 
made of some cyclically varying quantity 
upon which it is required to carry out a 
computation, as for instance in the 
investigation of harbour conditions 
using continuous records of wave height. 
In this case the analogue record must be 
converted into digital form suitable for 
feeding into a computer. Both of the 
above operations can be, and are, 
carried out manually but this is 
laborious, expensive, and results in 
sampling intervals greater than the ideal. 
The automatic chart analyser carries out 
these operations entirely automatically. 


The servo system 


The chart to be analysed is drawn over 
a roller and the line is continuously 
followed by a photoelectric head illus- 
trated in the diagram. Two lamps 
supplied with a.c. in antiphase are 
focused through two cylindrical lenses, 
separated by an opaque lamina, onto 
the chart, producing a line of light about 
4cm long and 0-5 mm wide. The light 
reflected from the chart falls on a photo- 
cell, the output from which is fed to a 
servo amplifier. Since the light is 
modulated and the two sections are in 
antiphase, there is no a.c. output from 
the cell when equal amounts of light are 
reflected from the chart on both sides. 
If, however, less light is reflected from 
one side owing to the presence of the 
line, which has a lower reflectance than 
the chart, there is a resultant a.c. signal 





from the photocell, the phase of which 
indicates the position of the line. Under 
these conditions the output from the 
amplifier excites the signal phase of the 
servomotor and restores balance by 
driving the photohead to be symmetric- 
ally disposed about the line, in which 
condition the photocell output is zero. 
The position of the servo drive shaft 
therefore represents the instantaneous 
value of the record as it is drawn past 
the follower head. To ensure that the 
follower cannot ‘lose’ the line, the chart 
speed is automatically reduced when the 
slope of the line results in the follower 
approaching its maximum speed of 
travel. 


The digitized output 

In the analyser form the servo shaft 
carries a moving contact which passes 
over a set of fixed contacts spaced to 
represent the tolerance bands into which 
the trace is to be analysed. An electrical 
impulse is fed to the moving contact at 
intervals representing 1 mm movement 
of the chart. The fixed contacts are 
connected to individual electromechan- 
ical counters and the display therefore 
represents the number of counts in each 
of the associated tolerance bands. A 
further counter registers the total num- 
ber of impulses over the length of chart 
analysed and permits the counts to be 
converted into percentage length of 
chart. 

To convert the analogue trace for 
computation, an optical digitizer is 
mounted on the servo shaft and con- 
nected to a tape punch, or other suitable 
equipment depending upon the form of 
computer. The impulses in this case 
trigger the tape punch, translating the 
curve on the chart into a series of digital 
values on tape which may be fed directly 
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into a computer. By fitting suitable com- 
ponents to the servo shaft other 
functions such as integration of the area 
under the curve can be carried out. 


-- + fo TEMPERATURE 


Cathode ray tube display 


A neat, clear method of representing a 
number of temperatures has been 
recently shown by the Distillers Co. 
The outputs from up to 24 thermo- 
couples are successively scanned and 
passed to a cathode ray tube, where the 
deviation of the spot represents the 
temperature of each point in turn. The 
Outputs are spaced as they are scanned 
along the horizontal, so that the profile 
on the tube represents the temperature 
distribution along the 24 points. The 
scanning takes 14sec, which gives a 
good picture on the tube face. 

A useful feature is the individual 
backing-off of each input, which means 
that these can be adjusted so that a 
straight line on the tube results when all 
the temperatures are at their desired 
values. Any deviation from _ these 
desired values can be easily seen if the 
sensitivity is increased. An alarm or 
indicator lamp can be operated when a 
value rises above its permissible level. 
The display is not limited to thermo- 
couples but can be used with any trans- 
ducer providing an electrical output. 


Radiation pyrometry in glassware 
manufacture 

One of the problems encountered in 
glassware manufacture is to know the 
temperature of the glass as it is extruded 
from the hearth. A schematic view of 
the process is shown in Fig. 7. The 
stream of molten glass is known as 
the gob and after being extruded is 
sheared off and fed to the glass forming 
machinery. The usual way of finding its 
temperature has been to estimate it 
from the temperature of the glass in 
the spout. 

This is not entirely satisfactory as the 
temperature drop between the glass in 
the spout and the orifice where it is 
formed into gobs can vary considerably. 
The variation is due to a number of 
factors whose total effect can be assessed 
by a skilled operator. He can make the 
necessary adjustments to maintain the 
correct gob temperature, which is 
essential as a change of | deg F in the 
molten glass can cause a variation as 
great as 1°, in the weight of a finished 
bottle. 

The operator’s assessment has been 
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facilitated in a method suggested by 
Honeywell Controls where the tempera- 
ture of the glass gob is measured by 
sighting a small target radiation 
pyrometer directly onto it. The pyro- 
meter has a }in. field of view when 
located 24in. from the gob (see 
diagram). It has to have a fast response 
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Fig 7 The radiation pyrometer is 
trained on the gob as it emerges from 
the orifice 


time, as it sights on the gob only a 
second before it is cut free. A circular 
chart recorder is used with the pyro- 
meter, and provides a continuous record 
by measuring temperature only when a 
gob is in the proper sighting position 
during the extrusion and shear cycle. 


--- fo CONTROL THEORY 


Aerodynamics for control engineers* 

F. R. J. SPEARMAN, Ministry of Supply 
In a guided weapon or an aircraft con- 
trolled by an autopilot the aerodynamic 
forces and moments which control the 
airframe form part of the complete 
servo system. In order to analyse the 
system by methods which are commonly 
used by control engineers it is necessary 
to convert the aerodynamic equations of 
motion into transfer function form. 

An airframe in flight has six degrees of 
freedom, three linear and three angular 
motions. From the resulting six equa- 
tions of motion it is possible, by making 
certain simplifying assumptions, to 
produce adequately accurate simple 
transfer functions representing the air- 
frame motion resulting from an input in 
the form of any control surface deflexion. 

The simplest airframe to analyse is the 
fixed-wing cruciform configuration with 
rear control surfaces. The conventional 
aircraft has such a configuration in the 
pitch plane and most guided weapons 
* A simple digest of the article on p. 96. 


IDEAS APPLIED ... 





have two such steering planes. With a 
roll stabilized airframe each of the steer- 
ing planes of pitch and yaw and the 
roll plane can be considered separately. 


Analysis in roll, pitch and yaw 

The analysis in roll is comparatively 
simple. The transfer function shows that 
without an autopilot the airframe has no 
natural frequency in roll, and for a step 
function of aileron angle, the rate of roll 
builds up to a steady value with a time 
constant depending on the values of 
aerodynamic parameters, just as elec- 
trical potential builds up on a condenser 
charged through a resistance. The 
addition of an autopilot to roll stabilize 
the airframe, by feeding the servo system 
with a fixed input, converts the system 
from the first to second order and gives 
the airframe rolling motion a natural 
frequency and damping ratio. Aero- 
dynamic damping is usually so small 
that synthetic roll damping has to be 
added in the autopilot. 

The analysis of the two similar steer- 
ing planes of pitch and yaw is more 
complicated, and more simplifying 
assumptions, which have, however, been 
shown to be justified by simulator work 
and flight trials, are necessary. The 
simplified transfer function shows that 
without an autopilot the airframe will 
oscillate like a weathercock about its 
centre of gravity with a natural fre- 
quency and damping ratio which depend 
on the values of aerodynamic para- 
meters. For a step input of elevator or 
rudder angle the airframe will make a 
transient weathercock oscillation while 
building up to a steady rate of turn in 
pitch or yaw. 


Third-order system 

With the addition of an autopilot, 
operating as a fixed input regulator, the 
second-order system is converted to 
third order, so giving the airframe two 
separate motions. The first is its weather- 
cock oscillation, which again requires 
synthetic damping, and the second is the 
weave motion of its centre of gravity in 
space. When the output is measured in 
terms of lateral acceleration the build-up 
of lateral acceleration in the weave 
motion has a time-constant, known as 
the incidence lag, whose value depends 
on the aerodynamic parameters. 

The aerodynamic transfer functions 
thus derived can be used in any guided 
weapons system block diagram. The 
system can then be analysed mathe- 
matically or on a simulator. 
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Fig. ! Skipper Bill Drever of the Hull 
trawler Northella steers with a lever 
control—the prototype of the Tiller 
Pilot 


THE HULL TRAWLER Northella HAS 
been fitted with a new form of steering 
control, the Sperry Tiller Pilot, which 
provides manual lever control, as 
distinct from the more conventional 
wheel steering, plus automatic gyro- 
controlled steering. The use of a tiller, or 
control lever, will be apparent from 
Fig. | which shows the prototype of the 
new automatic helmsman in Northella. 
This form of hand steering is directly 
related to actual rudder movement, and 
thus to change of ship’s heading in 
the same sense. There is said to be some 
advantage in lever control in that it does 
not involve the translation of rotary 
control movement—as in wheel steering 

into resulting action in a horizontal 
plane. 


Manual steering 


The Tiller Pilot control unit provides 
electrical command signals, through a 
separate contactor panel, to the steering 
engine which actually moves the rudder. 
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Fig. 2 Typical hydraulic installation 


Fig. 3 Typical all-electric installation 
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liner 


Rotterdam fitted with Tiller 
(Pilot) automatic helmsman 


Ships turn to automatic 
steering control 


Follow-up signals are derived from a 
potentiometer driven by the rudder stock 
itself, and are fed back into the control 
unit, to close the servo loop. The basic 
circuit is a resistance bridge formed by 
two potentiometers in the control unit, 
one being for the control command 
signal and the other for feedback. Any 
out-of-balance output from the electrical 
bridge is amplified by a transistor 
amplifier in the control unit, and then 
applied through either an electrical or 
electro-hydraulic network, to the 
steering engine to move the rudder. 
Apart from manual, or ‘hand-electric’ 
control, ‘automatic’ control is provided. 
Selection between the two, and actual 
application of hand electric, is done 
through the lever arm on the front of 
the control unit. When this lever, or 
tiller, is in the lower position, moving it 
to the left or right applies corresponding 
port or starboard rudder on a propor- 
tional basis, i.e. hard-over lever means 
hard-over rudder and central lever 
position corresponds to zero rudder 
applied. Alternative control command 
potentiometers are incorporated in the 
resistance bridge and, when in ‘hand’, 
the potentiometer directly coupled to 
the tiller, is connected into the circuit. 


Automatic steering 


For automatic steering, the control 
arm is raised into a central notch, and 
the system will then maintain the ship 
automatically on the heading obtaining 
at the instant of engaging the arm in 
the notch. Raising the arm operates 
microswitches which disconnect the 
hand control command potentiometer 
from the control resistance bridge, and 
substitute the gyro control command 
potentiometer; further microswitches 
are operated at the same time to connect 
a step-by-step vernier motor to the 
heading transmission system from 
the ship’s master gyro compass. The 





Fig. 4 Control and instrumentation 
console for the forward command 
position in Rotterdum’s wheelhouse. 
Note lever steering control with 
(right) rudder angle indicator and 
(left) steering repeater compass 


gyro control command potentiometer is 
driven by this repeater motor, so that 
any change of ship’s heading from that 
obtaining when the repeater motor was 
energized will be detected by the 
gyro compass and repeated by the motor, 
and thus create an out-of-balance in 
the resistance bridge and consequent 
corrective action through the rudder. 
Automatic operation is thus very similar 
to manual control, but the response of 
the ship itself provides a further follow- 
up function so that the rudder is pro- 
gressively removed as the ship returns to 
the set heading. 


Weather effects 


The response of the automatic steering 
system can be modified to take the 
prevailing weather conditions, sea state, 
trim of the ship and so on into account. 
‘Hardness’ of control, or too frequent 
application of rudder, can be minimized 
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Fig. 5 A lever steerer is fitted in a 

bridge wing compass bearing repeater 

stand in Rotterdam. This enables the 

ship to be conned from the bridge 
wing during docking 


by introducing a degree of lost motion. 
This facilitates the vessel’s natural 
movement in a seaway, by allowing a 
certain amount of yaw before corrective 
rudder is applied. 

A course trim control, on top of the 
control unit, allows minor course 
changes to be fed in by hand, whilst 
under automatic control. The course 
trim control knob is on the shaft of 
the repeater motor; turning it pulls the 
d.c. vernier motor out-of-step with 
the master compass transmission, so 
setting a new datum. 

Figs. 2 and 3 show typical hydraulic 
and all-electric installations of the Tiller 
Pilot. It can be installed in any con- 
venient position, for example, in the 
wheelhouse as shown in Fig. 1. This is 
useful in trawlers where the skipper 


440 temperature points 


New logging equipment for monitoring Terylene plant 


TEMPERATURE MONITORING AND DATA 
logging of 440 points in an ICI con- 
tinuous chemical process plant (the 
Terylene plant at Wilton), is carried 
out by the assembly of Fig. 1. Weighing 
43 tons, the complete equipment was 
built by Sunvic Controls Ltd. 
Chrome/alumel thermocouples, cover- 
ing 0-300 deg. C and providing up 
to 12mV, produce the 440 input 
signals, each of which is separately 
connected to a jack selector, a key 
switch selector (‘scan’, ‘indicate’ and 
‘off’) and an input relay. ‘Pre-set limit 





Fig. | The centre panel includes the 

three potentiometric recorders and 

print-out facilities; the wing panels 

carry jacks, switches, relays and 
indicators 


data’ in Fig. 2 refers to a precision 
potentiometer arrangement employed 
to set up ‘high’ and ‘low’ level limit 
setting potentiometers associated with 
the input from each thermocouple. This 
information is fed to the monitor for 
display on limit value indicators, and to 
the limit selection unit in the logger. A 
neon, beside each jack point, lights if any 
temperature is outside limits. 

Any temperature can be indicated on 
one of two circular-scale indicators, by 
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placing the appropriate key switch in 
the ‘indicate’ position; instruments on 
either side of the indicators give the 
‘high’ and ‘low’ limits for that particular 
point. Alternatively, a selection of 
temperatures can be displayed on the 
three 12-point strip chart potentiometric 
recorders in the central panel. 

The 440 thermocouple signals are 
scanned every 15 or 30 min. for logging, 
the scanning sequence being determined 
by the setting up of a jumper board. An 
input scanner routes the signals through 
each input relay in turn to a.common 
self-balancing potentiometer for 
measurement. The potentiometer carries 
a retransmitting slidewire for limit 
detection, and a digitizer for print-out. 

As the scanner dwells on a point, the 
pre-set limit data is compared in 
the ‘off normal detector’ with the signal 
from the retransmitting slidewire. If 
the temperature is outside limits, the 
appropriate neon ignites and remains so 
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usually steers while fishing. He can look 
at the lay of his trawl through the side 
windows and still refer frequently to his 
echo sounder and other instruments. 


Holland America’s Rotterdam 


A number of separate steering posi- 
tions can be provided in larger vessels. 
The new Holland America Line flagship, 
Rotterdam, which is to be commissioned 
later this year, makes extensive use of 
lever steering controls. There are three 
of these in Rotterdam, a lever control unit 
in the forward command position 
(Fig. 4), and a lever control unit 
mounted in the bearing repeater compass 
stand (Fig. 5) in each bridge wing. The 
latter facilitate docking and other 
navigation in confined waters. 


until the point returns to normal, or 
the alarm is cancelled. Simultaneously 
an output scanner causes the log printer 
to print that temperature in red, 
together with the letters ‘H’ (high) or 
‘L’ (low). These outside-limit tempera- 
tures are also printed by the alarm 
printer. When a temperature is within 
limits, the log printer prints in black, 
and the alarm printer does not operate. 


All alarms can be manually cancelled 
but, if alarm conditions continue, they 
will be brought out again by the 
succeeding scan. 

At the output scanner, the tempera- 
ture signals are joined by those from 
the ‘off-normal detector’, the digital 
clock, and pre-set month and day 
signals. These are all printed on 24 in. 
wide continuous strip. 


A ‘normal’ log is based on alternate 
scans, i.e. every 30 min., while a ‘con- 
tinuous’ 15 min. log uses every scan. 
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4» LT-CMDR F. R. J. SPEARMAN, 


R.N. (RETD), A.M.1. MecH.E., A.M.1.E.E, A. F.R,.AE.S. 
Principal Scientific Officer, Guided Weapons Directorate, Ministry of Supply 


AERODYNAMICS 


What a control engineer needs to know 


REPLACEMENT OF A HUMAN PILOT BY AN AUTOMATIC PILOT 
in an aircraft is a refinement which may be considered as 
a stage in the process of automation. In a guided missile 
an autopilot is a necessity; this has stimulated many 
recent developments in autopilots for both aircraft and 
guided missiles and in techniques, such as mathematical 
models and simulators, used for developing autopilots. 


Airframe aerodynamics 


Since an autopilot is essentially a servo system in which 
the loop is closed by feeding back the airframe motion as 
measured by different types of instruments, in any 
analysis of it one must include the aerodynamics of the 
airframe in a form familiar to control engineers. An air- 
frame flying in space is essentially a servomotor with six 
degrees of freedom in which the source of external power 
is the kinetic energy of the airframe. In the normal aircraft 
or guided missile the inputs are the control surface 
defiexions, while the outputs are the airframe’s linear and 
angular motions in the planes of roll, pitch and yaw. 

For airframes the aerodynamicist is accustomed to 
working in terms of the aerodynamic derivatives, which 
are the partial derivatives of any output for any input. 
Force and moment equations for the airframe for each 
of its three axes of motion can be derived in terms of these 
aerodynamic derivatives, but, as might be expected, the 
full equations are rather complicated when they take into 
account higher-order effects and cross-coupling terms. 
Though the theory of aircraft stability is based on the use 
of such derivatives, the form in which the equations are 
given is not well suited to modern methods of servo- 
mechanisms analysis. Expressions have therefore been 
derived for the ‘aerodynamic transfer functions’, which 


Fig. ! Polar-controlled aircraft: fundamental aerodynamic 
parameters and sign conventions for a right-hand system 
of axes 


are the usual time-dependent relationships in each of the 
three planes of roll, pitch and yaw, between the input 
control surface deflexions and the output motions of the 
airframe in each plane. For example, the roll transfer 
function is the relationship between aileron deflexion and 
the rolling motion of the missile. 

The conversion of aerodynamic data into the transfer 
function form is not too difficult provided that certain 
simplifying assumptions are made, but the validity of 
such assumptions requires to be checked for each type of 
and each particular airframe. The conventional airframe 
for aircraft and guided missiles is the fixed wing airframe 
with moving rear control surfaces, though moving wings 
and fixed stabilizing surfaces are also used in missiles. 
For a conventional aircraft control is polar, sometimes 
called twist and steer, while for a guided weapon cartesian 
control by means of cruciform wings is more usual than 
polar control. Fig. 1 shows a typical polar-controlled 
aircraft, while Fig. 2 shows a cartesian-controlled cruci- 
form guided missile. Both are drawn with a right-handed 
system of axes and show the usual sign conventions 
adopted for control surface deflexions and airframe 
motion. 


Three-dimensional equations of motion 

Body axes and normal lift coefficients are used in 
obtaining aerodynamic derivatives, but forces X, Y and 
Z and moments L, M and N—and hence linear and 
angular accelerations—are then referred to the rotating 
and translating axes of the airframe, the effects of which 
must be taken into account in converting the quantities 
to non-rotating stationary space axes. 

The three-dimensional equations for linear accelera- 
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tions with a right-handed system of axes, which is being 
both rotated and translated, are 


u= Xim+rv—qw+g, ~ + + (I) 
v = Y/m + pw—ru+g, «+ + (2) 
w= Zim + qu—pv+g, + + QB) 


where u, v, w and p, q, r are respectively the linear and 
angular velocities of the airframe referred to stationary 
non-rotating axes instantaneously coincident with air- 
frame axes, m is the airframe mass, and g is the accelera- 
tion due to gravity. 
The corresponding three-dimensional equations for 
angular accelerations are: 
. L C-—B 5 
Pa 4 4 jana 


(5) 


r= Cc Cc te. 


where A, B and C are the moments of inertia of the air- 
frame about its roll, pitch and yaw axes. 

These equations are general for the motion of any 
airframe in three dimensions. When the airframe is roll 
stabilized by a system sufficiently stiff to prevent first- 
order coupling between planes, the equation in roll and 
the two sets of steering equations, which are similar for 
a cruciform airframe, can be considered separately. The 
effect of gravity, which depends on the airframe orienta- 
tion in space, may be neglected so long as it is small 
compared with the manoeuvring accelerations available, 
which is usually true for a missile. With these assumptions 
the single-piane equations for a cruciform missile can be 
put in transfer function form as shown below. 


SYMBOLS USED 


A, 7.2 Aerodynamic forces along roll, yaw 
and pitch axes 
L, M,N Aerodynamic moments about roll, pitch 
and yaw axes 
u,v, Ww Linear velocities of airframe about roll, 
yaw and pitch axes 


| Pa Angular velocities of airframe about roll, 
pitch and yaw axes 
Oy Control surface deflexions for roll, 


pitch and yaw 
6 Angles of roll, pitch and yaw 
A, B, C Moments of inertia of airframe about 
roll, pitch and yaw axes 


-€ 


_m Mass of airframe 
V Resultant forward velocity of airframe, 
ie. (u?+v?+y*)t 
® Forcing frequency 
en Undamped natural frequency 
u Ratio of forcing to undamped natural 
frequency 
Kg, Kg, Kr Rate of turn stiffness in roll, pitch and yaw 
Tz, Ta, Tg Time lag in roll, pitch and yaw 
a, B Incidence in pitch and yaw 
lq, or Damping ratio in pitch and yaw 


Undamped weathercock circular fre- 
quency in pitch and yaw 

The aerodynamic derivatives are partial derivatives 
representing the change in force or moment per unit 
change of input’ quantity. Their sign depends on the 
aerodynamic sign convention used and they may be 
dimensional or non-dimensional in form, as for example: 

Mg = 9M /dq mq = Mg@/B , etc 


Zn = dZ/9n Zn = Znlm, etc 


@ng, war 


CONTROL April 1959 


Positive 
7 
Y_ Positive pitch axis 


Positive rotation in pitch 
M,a, MgQ 









Negative rotation in 
pitch Mp7,9, Pom. 
per 





Positive 
velocity v 





Positive 
velocity w 






7 Negative rotation 
‘on in roll p, Lag 
Positive rotation 







in'roll Lpp Nel. 7. OY y PY, 
Positive Positive 
roll oxis yow, axis 


Fig. 2 Guided missile with fixed wing cruciform configuration: 
fundamental aerodynamic parameters and sign conventions 
for a right-hand system of axes 


a arc tan w/u = arc tan w/V 6 = arc tan v/u = arc tan v/V 


Single plane equations; rolling motion 
The equation for rolling motion can be simplified when 
q and r are zero, or for the symmetrical cruciform missile 
of Fig. 2 in which B equals C, to 
2 L 
p-2-* ‘ia ae 
The rolling moment L can be computed in terms of 
aerodynamic derivatives; for small angles and with non- 
linearities and cross-coupling effects ignored it is given 
in terms of the aileron deflexion ¢ and of dimensional 
derivatives by 
Ww, OL 


L p 


SS et .. . (8) 


which, with the malalignment torque Ly assumed to be 
zero, becomes in terms of non-dimensional derivatives 


ap CL dy . 
= = l + 1g 9 
dti® A —_: ”) 
oL/d 
where 1, = uy Po etc 
A 


By substituting s for d/dt, the equation becomes in 
transfer function form 


K, K 
= =) ? 
w= te MMi 
2 « 
where t, = —I/I, and K, = /,/lI, 
a cg 


Fig. 3 Sign conventions for 
pitch plane in the motion 
of a missile 
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Fig. 4 Rolling motion transient response: step function of £ 
The two solid-line curves represent — p and — ¢/Kgé, the former 
being the curve asymptotic to the horizontal sine. 

The relationship between aileron deflexion £ and rate 
of roll p is now in a form suitable for use by control 
engineers since it represents a first-order system of stiff- 
ness XK, and of time-constant r,, the latter having larger 
values at higher altitudes. 


Single plane equations: steering motion 

For a symmetrical cruciform fixed-wing missile the 
equations in pitch and yaw are, neglecting sign conven- 
tions, similar. The pitch case will be considered, since this 
is also applicable to the pitching motion of a conventional 
aircraft. The symbols and sign conventions used for the 
pitch plane of the fixed-wing rear-control missile are 
shown in Fig. 3. It will be seen that the sign convention 
adopted by aerodynamicists results in the relationship: 

6, Ong a pak een? 

where 6, is the flight path angle, 6,, is the missile axis 
angle, and a, which approximately equals w/V, is the 
incidence. 

When the rate of roll p is zero the three-dimensional 
equations of motion in the pitch plane become for small 
angles 


= 4 Vo 12 
w ? 
8 ee F - « « UZ) 
oe 
q Bo Om a a 


The lateral force Z can be computed in terms of aero- 
dynamic derivatives; for small angles and with non- 
linearities and cross-coupling effects ignored, it is given 
in terms of the elevator deflexion » and the incidence « by 

A A Z 
' vq 4 ' on Ai ti de 


which, with the malalignment force Z, assumed to be 
zero, becomes in non-dimensional form: 
z 
me Z,4 4 244 ; 2," et Nn dng (15) 


1Z oa 
where z , etc 
m 


The corresponding equation for the moment about the 
pitch axis is 
M 


RB ma + mg +m,» < eal) 


IM/da 
where m, , etc 
B 

With the substitution of s for d/dt and, assuming 
elevator deflexions and incidences to be small, the follow- 
ing expression can be derived in transfer function form 
for an input of elevator deflexion and an output of rate 
of turn of missile axis: 


94 9g  oK {1 + 4,5) 
y 9 F+2 0,8 + Ong 
. (17) 
. I 
where Ong m, + Vy (z,m, zm.) <>) 
K, = (z,m,, — z,m,)/Vor, - + + (9) 
. 7 Ving 
oe te 
t —_— — (z,/V + mM,)/2ng 5 ted (21) 


where K, is the rate of turn stiffness of the missile, «,, the 
undamped weathercock frequency of the airframe, r, the 
incidence time lag and ¢, the airframe damping ratio. 


Transfer functions for lateral acceleration and 
incidence 


The transfer function for rate of turn of missile axis is 
exact on the assumptions made, but it is also desirable 
to know the transfer functions for lateral acceleration 
and incidence. Certain assumptions for fixed wing 
cruciform missiles with rear controls enable fairly simple 
approximate expressions to be derived. These assump- 
tions are based mainly on the requirement that, since the 
forces due to incidence and elevator deflexion are in 
opposition in the trimmed condition, the elevator force 
must be small and act at a long moment arm. In fact one 
assumes that z, and z,m,/V are negligibly small, and that 
z, compared with z,m, and z,/V compared with m, are 
small enough to be neglected. 

The resulting approximate expressions are 


6, o,2K, 
oT s(s? + 25 ng’ }- Ona) 
. (22) 
5 OngK Ta 
yn set ZF ngS + Ong 5 


The approximate transient relationships between the 
various angular missile motions can then be expressed as 


6,/6 
eM +s oo. 


eee 3 ail 

It will be seen that the incidence time lag, which is the 
steady-state ratio of incidence to rate of turn of flight 
path, is the time-constant of the decay of flight line into 
coincidence with missile axis. The incidence lag varies for 
the standard atmosphere inversely as the relative pressure 
and is thus considerably greater at higher altitudes. 
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Uses of aerodynamic transfer functions 


When a block diagram is drawn to give a mathematical 
model of a physical missile servo system the transfer 
functions of any blocks representing the missile aerodyna- 
mics must be included; when these can be expressed, as 
has been shown for a fixed-wing rear-control missile, in 
the form of a standard first- or second-order equation, 
the usual methods of analysing such systems can be 
employed. For example, in assessing the stability of 
guided missiles as controlled by autopilots, a Nyquist or 
Nichols plot can be drawn and the usual Nyquist 
criterion of stability regarding the point (— 1, 0) can be 
used. If it is desired to simulate the system the aerodyna- 
mic transfer functions can easily be simulated with 
analogue computers. Motion in two or three planes can, 
on a large machine, be simulated at the same time, and 
by introducing cross-coupling terms three-dimensional 
motion may be simulated. 

To complete this article examples will be given of the 
transient and frequency open loop responses of the fixed- 
wing missile in roll, pitch and yaw for the appropriate 
control surface deflexion inputs, and, finally, examples of 
the closed loop performance of missile autopilots. 


Open loop responses of airframes 


The open loop transient and frequency responses of 
airframes can be derived from the equations already 
given by methods (such as the use of Laplace trans- 
forms) which are well known to control engineers. The 
results only will therefore be quoted. 


Rolling motion transient response 


From equation 10, the rolling motion of an airframe 
to which is applied a step function of aileron deflexion & 
can be derived as 


-p= K,&(1 — e~""g) a 
-g=K,é{1—1(1—e-")}  . . . (27) 
It can be seen from Fig. 4 that the rate of roll will 


build up exponentially, with a time-constant of r,, to a 
steady value K,é. 


























Fig. 5 Frequency 

response of con- 

trolled _ rolling 
motion 






































Fig. 6 Steering 

motion transient re- 

sponse: step function 

of contro! surface 
angle 7 


Rolling motion frequency response 


By the substitution of jw for s in equation 10 it is 
possible to derive the following relationships, which give 
the gain in decibels and the phase difference for any 
value of w 


K as 

logio |—9/5| 20 logio ~ 20 logig V(I 4 w*r,?)dB 
. (28) 

Z(—¢/§) arc tan wt, — es a (29) 


These relationships, and those for p/£, are shown in Fig. 5. 


Steering motion transient response 

From equations 17 and 22 the pitching motion of an 
airframe to which is applied a step function of elevator 
deflexion » can be derived, by using Laplace transforms, 
thus: 


K 4) 
q ' a ol t 
Ang : yl —s t a n 


€ Vv | 1 TO ATOM n 2)} sin(w,t | "y 
vV(i — 2) 
. (30) 
where Oy O,N (I 5*) and On ng q 
‘ V (1 c*) (7,@, 2¢) 
tan ¥1 T.O,8 T | 2c? 
K "| e Fat 
a q wt 2¢ al sin (wt Po | 
F o, * V (1 oP : P) 
. GI 
2e-V(1 — &) 
where tan @. 


| >*2 


The curves of 6,, and 6,, and also of the incidence a, 
are plotted in Fig. 6 for a step function of » with r, equal 
to 1 sec and t,, equal to 5. Clearly each consists of a 
steady or steadily increasing value to which is added a 
first-order decay having a time-constant of 1/&,. 


Steering motion frequency response 


By the substitution of jw for s and u for /«, in equa- 
tions 17 and 22 the following relationships, giving the 
gain in decibels and the phase difference for any value 
of », can be obtained 


6 K 4 
loge! — oI 20 logo —* + 20 logig V(1 + «*r,*) | 03. 8 
— 20 log,, V{(l — w*)* + (2fu)*) dB 
» (32) 


+ 
a 


2tu 
arc cot wr, — arc tan 


Scale Of @#,/Kg for locating zero dB line 


Gain, dB (for wy/Kg™ 1) 
ro) 
o 


W? 
nm 
on 
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Fig. 8 Nichols plot of the controlled steering 
motion 6/7 for varying values of C, 


y K 
logo! % 20 logy9—* —20 logy» V/{(1—w*)* +(2¢u)*}dB 
~ sree 


6, 
Z = 90° — arc tan 


2tu 
, weet (35) 
These relationships, and those for a/n, are shown 
plotted in Fig. 7. They can be replotted as a Nyquist or 
Nichols plot, and the plot of 6,/7 is shown in Fig. 8 in 
Nichols form for varying values of ¢,. The gain and phase 
margins can be read directly from this graph for any 


values of £, and »,/K,. 


Phase, deg 


Closed loop performance of autopilots 


An autopilot may either regulate any missile motion 
to be constant or may monitor the motion in accordance 
with instructions received from a guidance system. A 
complete autopilot will control the missile motion in all 
three planes, but once again for the sake of simplicity 
the planes will be treated separately. The three-dimen- 
sional problem is too complicated to be considered 
except by the use of a simulator into which cross- 
coupling effects can be put as necessary. 

The system in each plane is represented by a block 
diagram in which each block has a transfer function. 
The transfer functions of other components in the 


Phase, deg 


Fig. 7 Frequency 

w, response of con- 
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Fig. 9 Block diagram of the 
roll stabilization system of 
an autopilot 


Frequency A(s) = 
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physical system are often not known accurately but they 
can generally be approximated by a first- or second-order 
system for mathematical computations. 


Roll stabilization system 


The block diagram of a position roll stabilization 
system is shown in Fig. 9. Various shaping networks or 
instruments are denoted in the usual form of KyG,(s), 
which is abbreviated for convenience to Ms). The 
demanded roll datum gp is fed to a network F(s), which 
modifies it to y,’. The actual roll angle g, measured by 
a free gyro which is assumed to be perfect, is modified 
by a network B(s) or by another instrument such as a 
rate gyro to »’. The error «, modified by L(s) to e’, is fed 
to the servomotor which has an output of aileron angle é, 
and this rotates the airframe in roll through the airframe 
aerodynamics. Aerodynamic sign convention makes ¢ 
and & of opposite sign so that for a stable system a 
positive increment in gp) must produce a negative 
increment in &. 

The open loop response of the servo system, KG(s), 
is given by 


‘ 


KG(s) =* - L(s)S(s)A(s)B(s) . . . (36) 

: KG(s) 
Hence the closed loop response, given by 1 + KG)’ is 
y L(s)S(s)A(s)B(s) .. BD 


% p 1 +L(s)S(s)A(s)B(s) 


For rolling motion the value of A(s) is given by equation 
10 as 


A(s — 38 
A(s) (1 4 r,$) oe Ge 
( - F P 
whence ; ()LS)S(S)K, - + 


Pp tS + s5— K, B(s)L(s)S(s) 


The order of this equation depends on the order of the 
various transfer functions, although it cannot be less 
than second order. 

If the network gives perfect correction to the servo- 
motor so that it has no time lag, then (— Kp) can be 
substituted for L(s) S(s). Generally, for a position system, 
B(s) will be the sum of the roll angle and the rate of roll, 
with the latter obtained either from a separate instrument 
or a phase advance network in order to increase the 
damping. The equation for B(s) then becomes 


B(s) aliar aia nO Ridkccenten A 


Substitution of these values in equation 39 gives 
e _ F(s)K pK, |, 
p . K,K,t K,K 
D st 4 s( =, R fe) | = (41) 
T T 
q q 
The denominator is a second-order equation, represent- 
ing the fundamental mode of vibration in roll, giving 


Natural frequency , = / (4x%e) / ( = ‘et 
Tt 
? 


. . (42) 
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Fig. 10 Block diagram of 
the steering system of an 


autopilot PL. 
Instruments > 
A(s) Ky@n* and _— 
s ee 
4 s at 5S + wn’) networks ’ 3 
To - = B(s) 


oe 1 "> y (Keke) 
' atio ¢ 
amping rati 2V(K,K,t,) > 2 : 


Usually the aerodynamic damping is negligibly small 
and the value for damping ratio then becomes 
> K,K,\ _ ™p i : oes] 

ti (MaEe) a Py 4 - » (44) 


¢ 
For a given airframe the undamped natural frequency 


in roll and the approximate damping ratio vary as the 
square root of the stiffness or gearing Kp. 


Steering system 


The block diagram of the pitching system can be drawn 
in the same way as that for the roll stabilization system. 
The pitching system is, however, a steering system with 
many possible input variations to provide the command. 
For example in a proportional navigation homing system 
the input would be the rate of turn of sight line which 
would be equated against a factored rate of turn of flight 
path as measured by a linear accelerometer. 

However, for the simple position system with an input 
of 6p, the closed loop response of the servo system 
corresponding to that described for the roll stabilization 
system would be 


0, F(s)L(s)S(s)A(s) 


= « eae 
9, 1+ L(s)S(s)A(s)B(s) (45) 
The value for A(s), as given in equation 22, is 
K,»,3 
P 5e cin 
A(s) s(s? +. EO ngS 4 w,2) ( ) 


Assuming a perfectly corrected servomotor, that is, 
substituting Kp for L({s) S(s), one finds that equation 45 
becomes 

6, ' F(S)K RK nq . 24 

Op $2 + 20,0,,8? + w,28 + K,w,,*B(s) 

The value of B(s) depends on the instruments used for 
measuring missile motion, for example, rate gyros and 
accelerometers. The denominator can, however, never 
be reduced below a cubic equation, representing the 
modes of motion in pitch. These modes are then one 
decay, which represents the weave motion or motion of 
the centre of gravity in space and one oscillation, which 
represents the weathercock oscillation of the airframe 
about its centre of gravity. 









































M. A. Perry of the College of Aeronautics, 
Cranfield, reports the Brit IRE’s Symposium on 


RADIO TELEMETRY 


IN TELEMETRY, INFORMATION MAY BE 
transmitted as a change in air pressure 
or as an electrical signal, the method 
used depending on the time lags allow- 
able, the designs between transmitter 
and receiver, and the convenience with 
which the signal may be recorded or 
used for control purposes. In general, 
one signal only can be conveyed over a 
pneumatic system whereas several quan- 
tities may be transmitted over a wire 
link, the latter being shared between the 
transmitters. This sharing, or multiplex- 
ing may be achieved on a time basis 
with the aid of a mechanical or electronic 
commutator which selects each quantity 
in turn and applies it to the link. In 
frequency multiplexing separate fre- 
quency bands are allocated as informa- 
tion carriers. With time multiplex the 
maximum rate at which a quantity may 
vary is a function of the sampling speed, 
whereas in the second case it is a func- 
tion of carrier frequency and the 
frequency bandwidth of the channel. 

Data-handling techniques, inform- 
ation theory and radiocommunication 
theory together have produced the radio 
telemetry systems which are so import- 
ant to guided missile research. 

Current interest in the subject was 
reflected by the large number of people 
who attended the recent BritIRE Sym- 
posium on radio telemetry. The chair- 
man, I. Maddock, said radio telemetry 
was best known as the reason for delays 
in flight trials. He defined telemetry as a 
means of giving remote indication of a 
quantity to laboratory accuracy. 
Systems compared 

The first paper ‘A Comparison of 
Telemetry Systems’, by A. Cowie of 
RAE, compared the relative merits of 
frequency modulation, phase mod- 
ulation, pulse position modulation, 
pulse width modulation, and pulse 
code modulation for transmitting 
information over a_ radio link. 
The design philosophy for any 
system, he said, should be maximum 
information capacity for minimum 
consumed power, coupled with relia- 
bility, stability and simplicity. Broadly 
speaking, for missiles, the frequency 
response of a channel lies either in the 
range 0-30 c/s for quasi-static quanti- 
ties, or 50 c/s—6 kc/s for vibration and 
noise studies. These were the reasons 
underlying the development of the RAE 


102 


24-channel time multiplex system, and 
the frequency multiplex and pulse 
systems described in other papers. 

‘The Airborne Sender for 24-Channel 
Telemetry’ was read by W. M. Rae 
of EMI Electronics, and covered the 
specification, design, engineering and 
testing of airborne telemetry equipment. 
Mr Rae admitted that it was difficult to 
meet missile requirements : temperature 
ranges of — 40 degC to + 85 degC, 
vibration levels of 50 g in the frequency 
spectrum 10c/s to 7 kc/s, 50g shock 
loads, and pressures of the order of 
35mm Hg are experienced and the 
equipment must be immune to salt spray 
and fungus. He considered the mechani- 
cal design of the transmitter and des- 
cribed modifications to the prototype 
which were found necessary after 
environmental testing. The resulting 
production model was then described. 

*24-channel Telemetry Ground Equip- 
ment’ contributed by F. F. Thomas of J. 
Langham Thompson discussed the 
principles of receiving and recording the 
telemetry signal, and described a 16-tube 
slow-speed recorder, and a histogram 
recorder with data reduction facilities. 
He described a comprehensive test set 
for checking and calibrating senders. 

‘Mobile Ground Receiving and 
Recording Equipment for 24-channel 
Telemetry’, by F.G. Diver of McMichael 
Radio, embraced a recent addition to 
the series of 24-channel receiving systems 
commissioned by RAE. The principal 
features distinguishing it from earlier 
equipments are detail improvements in 
design to expedite operational use and 
its relative compactness—the complete 
station is readily transportable. 


H.F. and pulse telemetry 


The evening session was devoted to 
papers on high frequency telemetry and 
pulse telemetry. ‘A Six-channel High 
Frequency Telemetry System’ was read 
by T. C. R. S. Fowler, who is in the 
G. W. Engineering Department of 
Bristol Aircraft. The subject of this paper 
was a frequency multiplex f.m./a.m. 
system which provides a means of trans- 
mitting six channels whose bandwidths 
are such that frequencies in the range 
10 c/s to 10 kc/s may be simultaneously 
telemetered: extension of the frequency 
coverage to include the band 0-10 c/s 
can be achieved by using commutated 
reference levels. In telemetering informa- 


tion from pilotless test vehicles over 
several years, in which time the 50 
senders fired contained a total of 600 
units, Bristol Aircraft experienced four 
failures only. Fowler thought that the 
high reliability of this system was due to 
the fact that a few components only, in 
the main transmitter were common to 
all channels. He predicted that 40,000 
yards range could be obtained using a 
five-channel system and 60,000 yards 
with a two-channel system. 

The last paper, ‘A 600 Mc/s Pulse 
Telemetry System’, by G. T. Hardwick, 
of J. Langham Thompson, described a 
20-channel pulse position modulation 
system which is designed to transmit 
information containing transients of the 
order of 1 msec from guidance equip- 
ment or vibration transducers. 

In general, the papers were dis- 
appointing. The discussions showed that 
many people outside the missile industry 
are interested in telemetry, but no 
indication was given of the possible 
adoption of existing systems to meet 
their needs. Furthermore, there was no 
attempt to analyse critically the optimi- 
zation of telemetry design for maximum 
information capacity and ease of data 
handling. I was left with the impression 
that laboratory accuracy is not being 
achieved in practice, and that the user 
is faced with the analysis of a very large 
quantity of records before he can obtain 
useful results from his trial. However, 
security restrictions probably made 
discussion of more sophisticated systems 
impossible. 


Cutaway view of the final transmitter 
of a telemetry sender—enclosed in a 
pressurized light alloy casting 

courtesy EMI Electronics 


Battery supplies for telemetry sender. 
These consist of mercuric oxide cells 
in series for h.t. and nickel cadmium 
for |.t. The battery pack is thermally 
controlled by a heating element 
buried in the inner Fibreglass box 

courtesy EMI Electronics 
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Pick-off o-vscoroaueo 


LTHOUGH | hear that SIMA’s 

new Directory (‘British Instru- 
ments’) has not passed unscathed 
in its review for CONTROL by the 
Technical Editor, David Rayner, I 
do sincerely congratulate SIMA for 
this book in one very important 
aspect. The Association has truly 
aimed to make the book speak for 
the instrument industry as a whole, 
and it has included firms who are 
members of many other trade 
associations and some who are not 
members of any at all. This is a most 
welcome step—all the more so as it 
cannot have been an easy one, for 
parochialism is a natural weakness 
of all trade associations. But today 
SIMA realizes its national responsi- 
bility to publicize the British instru- 
ment industry as a whole. I should 
like to see formed a Standing Joint 
Committee of SIMA, BIMCAM, 
BEAMA and other associations, 
analogous to that set up by the 
principal motoring organizations ‘to 
secure unity of voice and action on 
all questions of importance to 
the motoring community’. For 
Britain needs a single, powerful voice 
to speak for her instrument industry. 
There is a very big publicity job 
ahead to get industrialists instru- 
ment minded, both at home and 
abroad. 


NLY ascore of members attended 
the SIT meeting on 24th March, 
when Dr Konrad read a paper on 
engineering psychology. More’s the 
pity, since the paper is admirably 
written and full of fascination for all 
but the most wooden-minded 
engineer. Konrad, who is Assistant 
Director of the Applied Psychology 
Research Unit at Cambridge, is a 
psychologist and wisely will not call 
himself a ‘human engineer’, as in the 
USA (‘What do the non-human 
engineers think’, he asked), or a 
‘psychotechnologist’, as on the Con- 
tinent. Subjects he discussed included 
the design of crane control levers and 
their layout; his photograph of a new 
crane control car for a Welsh steel- 
works showed advances in design 
comparable to the difference between 
a modern Blackpool tram and a 
veteran Glaswegian. 
I was particularly intrigued by his 
list of activities that men can do 


CONTROL April 1959 


better than machines: detection, 
perception, judgment, induction, im- 
provization, long-term memory. The 
opposite side of the coin is that 
the machine scores over man for 
speed, power, computation, replica- 
tion, simultaneous operations and 
short-term memory. 

This meeting would certainly have 
appealed to many engineers outside 
the SIT. I think some members of 
constituent societies of the British 
Conference on Automation and 
Computation do not realize that 
nearly all relevant meetings of these 
societies are open to them. Details of 
these meetings are given in the 
BCAC Bulletin, and a selected list 
is also of course to be found in 
CONTROL’s ‘Looking Ahead’. 


A LETTER reached me not long 

ago from the Sales Manager 
of a firm producing technical equip- 
ment manuals as a specialist service 
to industry. One of the firm’s strong 
cards is apparently instrument and 
control engineering handbooks. Re- 
ferring to critical comments about 
handbooks made at last year’s 
SIMA Convention, he writes that 
‘more and more enlightened firms 
have decided that this production of 
manuals is the job for a specialized 
organization. . . . It is hard to under- 
stand why other firms still try to 
have their overworked and over- 
loaded engineers prepare manuals; 
probably a misguided notion of 
economics.” 

But of course design or de- 
velopment engineers should not 
themselves write manuals. Shortage 
of time and knowing their own 
equipment too well are against them. 
The best way to have them prepared, 
as several speakers stressed at the 
SIMA Convention, is to employ a 
trained technical writer, who works 
with the design engineers. To get 
the most useful results, he should try 
out his draft on a ‘user dog’. Outside 






assistance may sometimes be helpful 
to obtain good physical production, 
but the actual text should preferably 
be the work of someone who knows 
the makers from the inside. Never- 
theless, there are occasions when 
recourse to a firm undertaking the 
complete preparation of manuals 
may be useful, and if any manufac- 
turers would like the name of this 
one I shall be very pleased to send 
it to them. 


N December last Sunvic Controls, 

an AEI company, held a small 
internal symposium on instrumenta- 
tion in the process industries for the 
benefit of AEI staff. Four papers by 
senior engineers in the company set 
out present Sunvic philosophy on 
such topics as pneumatic v electronic 
instrumentation, quality control, 
data-logging and self-optimization of 
plant, while a fifth by the Commercial 
Manager dealt with prospects for 
the British instrument industry. 

Rather luckily I was able to see 
the text of these papers, which are 
clearly written and very readable. A 


COULD 

COMPMUTATOR 

SERVO POTENTIOMETER | 
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provocative point made by one 
author is that we need to develop 
more direct methods of converting 
the values of the basic physical 
variables being measured into signals 
which can be processed by com- 
puters, i.e. to develop better electrical 
transducers. A bad example of this, 
says the author, is measurement of 
fluid flow by a differential pressure 
transmitter. The diagram, which I 
reproduce by courtesy of Sunvic, 
illustrates this. The conversion 
sequence is flow-rate/differential- 
pressure/protective pneumatic relay 
pneumatic scanning switch/pneu- 
matic-electrical converter/servo am- 
plifier/digitizer. Perhaps ultra-sonic 
flowmeters with digital outputs will 
provide an answer. 

In their present form these papers 
contain some commercial informa- 
tion about activities of Sunvic and 
other AEI companies and will not be 
generally published. But I hope 
Sunvic will prepare a suitably edited 
version retaining the technical infor- 
mation; this would appeal to many 
engineers on the fringe of process 
control as a guide to some current 
problems. 
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—MACHINING—— 
Controlled gas cutting 


The British Oxygen-Ferranti computer- 
controlled gas cutting machine has been 
ordered by two British shipyards: Swan, 
Hunter and Wigham Richardson of 
Wallsend-on-Tyne and Vickers-Armstrongs 
(Shipbuilders) of Barrow-in-Furness. As 
shipbuilders are considered to be somewhat 
hard-headed and with little liking for the 
novel, this is surely a victory for both BOC 
and Ferranti, particularly as the machines 
on order are described as prototypes. 
International competition in shipbuilding is 
great and still growing, and CONTROL must 
assume that the shipbuilding firms con- 
cerned have great faith in the system. 

The machine consists of a transverse 
boom carrying a cutting head on either side 
of a fixed central track. Hydraulic servo 





motors move the carriage along the track 
and the cutting heads on the boom. The 
motors are controlled by a Ferranti tape 
mechanisnr with rotary feedback devices. 
As both cutting heads move in opposition 
to one another, both port and starboard 
plates for the same ship can be cut simul- 
taneously. The magnetic tape is prepared in 
a Ferranti Pegasus and a digital differential 
analyser. 


Tape-controlled welding 


A punched-tape controlled ‘Heliarc’ multi- 
torch spot welding machine is helping to 
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produce difficult parts for the American 
navy’s surface-to-air guided missiles, 


according to the Linde Department of © 


Union Carbide. The machine (illustrated) 
consists of a pair of flat ways at right 
angles to one another, with slides moved by 
piston-type hydraulic motors, under the 
control of the programme unit, to position 
the torches on the X and Y axes. 

The punched-tape programme control 
unit pre-selects intelligence to the machine 
to establish the *X’, “Y’ and ‘Z’ locations 
for each weld. In addition, the control 
selects the combination of torches to be 
used at each distinct step in the programme, 
as well as the desired time and current at 
each step. 

Movement of the machine to a position is 
determined by two types of electrical signal: 
one indicates the position to which it is 
desired to move, and the other indicates 
the actual position of the machine. This 


-* 
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Punched-tape controlled four-torch welder makes missile parts for US Navy 


latter signal is provided by a two-phase 
resolver coupled to the lead screws through 
a gear train. As the machine moves toward 
the desired position, the difference between 
the two signals reduces, being nil when 
the desired point is reached. The speed of 
movement of the machine is directly propor- 
tional to the error voltage present. 


— DATA PROCESSING — 
Airline seat reservations 


One of the classical problems in data pro- 
cessing is the provision of up-to-the-minute 
information to enable seats to be reserved 


in airlines possibly months in advance, with 
all the inherent difficulties resultant upon 
such imponderables as cancellation, changes 
of flight number and flight plan and so on. 
A great deal of work on this problem has 
been carried out in North America: TWA 
have a coast-to-coast system and Western 
Airlines cover their system in similar 
fashion both using equipment by the 
Teleregister Corp. This is based on magnetic 
drum information storage in a control 
centre with data transmission to, and from, 
and punched-card operation in local centres. 
SAS have a similar system, based on an 
IBM650, in Copenhagen. 

Little or nothing is known officially of 
the present position in Britain, although 
British Tabulating Machine—now part of 
International Computers and Tabulators— 
are believed to have been working on BEA’s 
seat reservation problem for some time. 
For various reasons the BEA problem is one 
of the most difficult to solve, although 
CONTROL understands that fair progress is 
being made. 


TCA and Ferranti-Packard 


It is sometimes suggested that Ferranti 
are not particularly interested in purely 
clerical data processing, although the 
Ferranti Pegasus is incorporated in the 
Powers Samas (ICT) Pluto system. However, 
the airline seat reservation problem is 
bound to have attracted them. Now we 
hear that Ferranti’s wholly-owned Canadian 
subsidiary Ferranti-Packard Electric Ltd, 
have received an order worth $2 million 
from Trans-Canada Airlines, for the ‘most 
modern seat reservation system in the 
world’. 

The basic idea—booking office and 
communication equipment which is used in 
conjunction with a central computer—was 
conceived by TCA, and in 1954 they asked 
Ferranti-Packard to carry out the design 
and development work which resulted in 
the present order. 

A ‘Transactor’ will be located in every 
TCA booking office throughout Canada; 
up to 50 or more Transactors will be 
installed in the larger offices. In operation, 
a TCA clerk will insert a pencil-marked card 
in the Transactor in order to request a 
reservation on a certain flight. The central 
computer will determine whether or not 
space is available on that particular flight, 
and this information is transmitted to 
the interrogating Transactor, causing it to 
punch a hole in the edge of the card. There 
is no practical limit to the number of 
Transactors that can operate from the 
central computer, although light signals on 
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Control room of ICI’s new oil gasification plant at Billingham 


a Transactor indicate whether the computer 
is engaged or free for use at any particular 
moment. CONTROL understands that the 
central computer employed in the Ferranti- 
Packard system will be required to handle 
some 70,000-80,000 cards a day and that a 
development of the Pegasus may be used. 


Clerical v. engineering computation 


It will be interesting to see if Ferranti in 
this country will become—or even are at this 
moment—actively engaged on the seat 
reservation problem. One tends to think of 
them as being interested primarily in the 
computer as a scientific or engineering tool, 
rather than as a clerical data-processing 
system of the type designed and marketed 
by, for example, ICT. However, competition 
between computer firms with a business 
machine background, and those with an 
engineering background, would appear to 
be on the increase. 


—CHEMICALS—— 
Controlled hydrogen production 


ICI have completed an oil gasification plant 
at Billingham, Co Durham, which incor- 
porates a new, largely automatically con- 
trolled process for the large-scale production 
of hydrogen; a few details have been 
released. Site erection of the extensive 
instrumehtation and control equipment, 
was by the Automatic Control Division of 
Constructors John Brown over a period of 
18 months. At the peak of the installation 
job, CJB had some 200 men employed on 
the instrumentation, together with super- 
visory staff consisting of a site manager, 
3 engineers and 8 foremen. CJB believe this 
to be the largest labour force of its kind ever 
to be used in this country on an instrumenta- 
tion contract. 


28 miles of pneumatic tubing 


The Billingham plant is highiy instru- 
mented and to a great extent automatically 
controlled; it is equipped with safety locks, 
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alarms and signals, to an unusually high 
degree. Over three miles of instrument 
impulse lines have been installed, together 





FORGING AHEAD 
A forging die for a turbine blade 
being sunk on a Cincinnati Hydrotel 
milling machine under punched 
paper-tape programme control, at 
EMI’s Hayes factory. EMI Electronics 
claim their new programming 
methods make possible the produc- 
tion of first-class dies on milling 
machines. The EMI system was 
described by A. T. MacDonald in his 
‘Programmed Machining’ series of 
articles in the December '58, and 
January and February °59, issues of 
CONTROL 


with 18 miles of small bore copper and 10 
miles of multicore plastic tubing for 
pneumatic transmission. 
Continuous stream analysis 

The main control room (illustrated) is 
air conditioned and houses two 60-ft long 
control panels which carry the flow, 
pressure and temperature instruments 


‘ 
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together with signal lights, safety locks and 
motor controls. Continuous stream analysis 
and plant performance monitoring are 
carried out in three separate instrument 
rooms equipped with analytical instruments. 
These include infra-red hydrogen sulphide 
analysers, oxygen analysers and a mass 
spectrometer for quality control. Many 
important temperatures are monitored 
continuously and automatically. 


——§HIPPING—— 


Navigational computer 


An analogue computer, or ‘dead reckoning 
analyser’, by Belock Instrument Corp 
(marketed by RCA) automatically and 
continuously provides direct readings of 
ship’s latitude and longitude from inputs of 
initial position, course and speed. Con- 
sisting almost entirely of mechanical com- 
puting elements, the machine is based on 
the use of two d.c. motors fitted with 
chronometric timing governors. Inputs to 
the computer may be manual, using latitude 
and longitude controls, a course control 
and a speed control, or alternatively, course 
can be fed in automatically from the ship’s 
gyro compass, and speed from the log. The 
ship’s instantaneous position is indicated 
directly on dials calibrated in terms of 
latitude and longitude. 


-ATOMIC ENERGY- 
UKAEA changes 


The UKAEA will consist of four Groups 
from Ist July, 1959, Research, Weapons, 
Development and Engineering, and Produc- 
tion, the two latter groups being formed 
from the existing Industrial Group. The 
full-time technical Members of the 
Authority will again assume responsibility 
for particular Groups, in addition to their 
duties as Members of the Board. Sir 
William Penney, who succeeded Sir John 
Cockcroft as the Member for Scientific 
Research, will head the Research Group, 
Sir William Cook, Member for Develop- 
ment and Engineering, will head that group, 
and Sir Leonard Owen, Member for 
Production (Designate) will head the 
Production Group. The Member for 
Weapons Research and Development was 
Sir William Penney until recently. His 
successor in that post is yet to be announced. 


-+.. at Harwell 

Staff changes within the Research Group, 
under Dr B. J. F. Schonland, Director, 
include Mr D. W. Fry's appointment as 
Director of the Atomic Energy Establish- 
ment, Winfrith. At present he is Deputy 
Director of AERE, Harwell, a position 
which will be filled by Dr F. A. Vick. 


-.+. and at Amersham 


The Radiochemical Centre at Amersham 
is to be reorganized under its new Director, 
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Remote handling device for radio- 

active areas, said to be ultrasonically 

controlled. Closed circuit television 

provides remote viewing of 
operations 


Dr W. P. Grove. Isotopes production and 
marketing, hitherto shared between Amer- 
sham and the Isotope Division of AERE 
Harwell, will be centred on Amersham, 
although the Radiochemical Centre will 
have irradiation facilities at Harwell and 
other sites. The Isotopes Research Division 
at Harwell and at the Wantage Radiation 
Laboratories, will continue research into 
the properties and applications of isotopes 
and their applications, and operation of 
the Isotope School. 


Ultrasonic control ? 

American Babcock and Wilcox have built 
six remotely controlled ‘robots’ as part of a 
contract they hold from the US Atomic 
Energy Commission. Such details as 
CONTROL has received are rather confusing: 
the robots are independently and remotely 
controlled by ‘radio’ signals and yet coded 
commands are transmitted ‘ultrasonically’ 
—the ‘robots respond to sound’. 

The units are intended for operation in 
dangerously radioactive areas, a closed- 
circuit television system being used to view 
the working area. The largest unit, illus- 
trated, is a three-ton fork truck with three 
arms, one of which is capable of duplicating 
many hand and wrist functions. The other 
units are a truck for transporting radio- 
active loads, a pipe welder equipped with a 
television camera, a pipe cutter and a 
fifty-ton crane. 


OIL 
Remote hose handling 


Five new hose-handling installations at the 
Esso refinery, Fawley, are said to have 
resulted in a faster turn round of tankers. 
Foster Wheeler in conjunction with Wood- 
field Rochester, have been responsible for 
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this new construction, and the equipment 
includes hoists and winches powered by 
Holman reversing air motors. These are 
remotely controlled by Maxam pneumatic 
equipment. The use of compressed air has 
obvious advantages when handling inflam- 
mable liquids. 

The largest of the Fawley installations 
can deal with ocean-going tankers. A boom 
controlled by an air winch supports the 
heavy large-diameter flexible hoses for ship- 
to-shore connexion. Attachment is facili- 
tated whatever the position of the tanker 
manifold, by luffing the boom which 
supports the ‘hoses and _ horizontally 
traversing the air hoists which are attached 
to the boom. Any movement of the tanker, 
whether due to tides, drifting or change in 
draught, may be compensated for by 
combined movement of the boom and air 
hoists. 


One man control 


Winches and hoists are reversible and 
controlled by Maxam neutral position lever 
valves, on a control panel which is operated 
by one man on the jetty. He directs the 
movements of nine Holman air hoists and 
also the raising and lowering of a 13-ton 
boom luffing winch. The boom carries five 
pendant trolley hoists, all of which are 
independently controlled from the panel for 
left and right movement on air motor driven 
travelling mountings. A pendant trolley hoist 
mounted on the outward member of the 
boom supports 10 cwt and traverses 
the width of the boom. Further positioning 
control for each hose is provided by inter- 
posing between the hook at the end of the 
hoisting line and the hose, an air cylinder 
hoist which can be inched over 3 ft. This air 
cylinder is controlled by a push-button valve 
located on a short length of pneumatic hose 
attached to the cylinder and fed from the air 


supply on the jetty. Inward of the 10 cwt 
hoist on the boom, are two 2-ton hoists for 
handling bunker fuel hoses of 8 in. diameter 
and two 64-ton hoists for handling the 
10 in. diameter crude oil hoses. 

Four pendant hoists are mounted in line 
on the main structure. To control the middle 
sections of the 10 in. diameter flexible hoses, 
two 6}-ton hoists are placed as the inner 
hoists of the line of four, while two outer 
hoists of 2-ton capacity handle the lighter 
hoses. These four hoists work in conjunc- 
tion with the traversable pendant hoists on 
the luffing boom, and are able to support 
combinations of hoses which are linked 
together by the use of bridles. 


i 


Gloss recording 


The use of a new industrial instrument to 
record the gloss on finished paper con- 
tinuously, as it passes from the machine, is 
said to have improved the production 
figures for many British paper mills. 
Consisting of a photoelectric measuring 
element by Sheen Instrument Co Ltd and a 
Honeywell Controls’ ‘Electronik’ circular 
chart recorder, the device eliminates 
periodic sample testing and provides con- 
sistent gloss control without hampering 
continuous production. The measuring 
element, which is fitted to the paper-making 
machine, directs a light beam on to the paper 
and measures the intensity of the reflexion 
from the paper with a photoelectric cell. 
The signal from the cell is fed to the recorder 
and this can be arranged to give visual or 
audible alarms when the gloss is outside 
limits. Although there is as yet no sugges- 
tion that the gloss recorder could be 
employed to control—as distinct from 


The largest of the Fawley hose-handling installations being used to unload 37,422 tons 
of Iraq crude oil from S. T. World Grandeur 
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monitor—the machine, there seems no 
reason why this should not come about 
eventually. There would be a considerable 
lag between control signal and gloss change 





Continuous gloss recording on both 
sides of the finished paper at the Star 


Paper Mills, Feniscowles. Both re- 
corders can be seen at top left, while 
one measuring cell is on the right 


at the measuring element, but as the paper 
maker is mainly interested in the trend, this 
lag should not provide an insurmountable 
difficulty. 


—ENGINEERING—— 
EMWNE show 


As CONTROL goes to press, interest in the 
Engineering, Marine, Welding and Nuclear 
Energy Exhibition which will be held in 
Olympia, London, from 16—30th, is building 
up. The majority of the 500-odd exhibitors 
will have something new on show and many 
of the exhibits are expected to be of an 
unusual and spectacular nature. The 
Exhibition will be opened by Sir Edward W. 
Thompson, President of The British 
Engineers’ Association. 

The coverage of this biennial show is so 
wide that it is impossible to sort out 
exhibits of interest to control engineers 
from those of more general interest. Indeed 
a good case could be made for claiming all 
exhibits to be of interest. 


A random sample 


MERL will demonstrate good and bad 
fluid power circuits and a new method of 
flow measurement in large pipes. Maxam 
will show air cylinders and control valves 
and Goodyear their positive-displacement 
rubber-to-metal self priming pump and 
various pressure systems. Blakeborough 
will display fluid control valves, and Power 
Auxiliaries Ltd, their ‘Plessifiex’ stainless 
steel, seamless flexible hose. A large variety 
of valves and power cylinders are to be 
shown by Baldwin Instrument Co. Southern 
Instruments will exhibit their Sigrist & 
Weiss photometer, a double-beam oscillo- 
scope and the Magna-Gage electronic 
comparator. 

A wide range of Hydro-Titan hydraulic 
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axial piston pumps, motors and trans- 
missions will be exhibited by Hydraulic 
Installations. British Rototherm are to show 
a comprehensive range of dial thermometers, 
recorders and controllers, including bi- 
metal, mercury-in-steel, and vapour pressure 
types. Among the many exhibits of BTH 
and AEI Heavy Plant Division will be a 
single magnetic-amplifier automatic voltage 
regulator for the Admiralty, and ship's 
propeller tachometer equipment. Keelavite 
will be mainly concerned with hydraulics 
for the marine industry, including a new 
hydraulic steering unit. 

Marconi Instruments will concentrate on 
industrial X-ray equipment, and Sperry, 
who are returning to the Show after an 
eight-year absence, will include marine, 
industrial control engineering and nuclear 
reactor control and _ instrumentation 
exhibits. Pressure and vacuum gauges will 
be shown by Payne & Griffiths, and 
Graviner will demonstrate industrial explo- 
sion protection and suppression equipment. 

Hydraulics and Pneumatics (Turner 
Manufacturing’s sales subsidiary) will give 
pride of place to their new actuator and will 
also show a variety of hydraulic and 
pneumatic equipment. Carter gears will 
demonstrate variable speed drives, and 
IV Pressure Controllers will concentrate on 
high pressure installations including a new 
steam reducer. 

The British Iron and Steel Research 
Association will exhibit Digital En- 
gineering’s plant performance recorder, 
which Digital are now completing for 
installation in the giant Russian tire 
factory. British Oxygen will exhibit a 1/10 
scale model of the port and starboard 
computer-controlled gas cutter mentioned 
elsewhere in News Round-Up. 

Go if you possibly can. 


Pneumatics and hydraulics 


The Pneumatics and Hydraulics for Industry 
Exhibition will be held in Alexandra Palace, 
London N, from 12th to 16th October, 1959. 
Organized by Macfarlane Watson Ltd (36 
Beauchamp Place, London, SW3) this 
event should be of interest to control engi- 
neers, for the accent will be on pneumatics 
and hydraulics for control. A new trade 
association, the Fluid Power Association, is 
expected to hold its inaugural meeting in 
the Convention on Friday 16th October. 


i ON VY EY ING 
Stock control 


Pneumatic and lubrication engineers, 
Benton & Stone, having recently moved 
into a new 20,000 sq ft warehouse, have 
taken the opportunity of incorporating 
ideas in stock control and handling which 
they believe to be unique. The conveyor 
system, part of which is illustrated, carries 
pre-packed items which are discharged at 
predetermined bays under the control of 
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limit switches. These operate solenoid 
pneumatic control valves and cylinders. 
Incidentally, Benton & Stone (telephone 
Aston Cross 1905) are holding a private 


Items are pre-programmed for dis- 
charge at predetermined bays in this 
new Benton and Stone warehouse 


exhibition and film show on pneumatic and 
lubricating equipment, in Park Lane House, 
London, on April 13th, 14th and 15th. 


mnt Ea 


@ Datum Metal Products Ltd is the new 
name for Davis & Thompson, manufac- 
turers of ‘Datum’ instrument racks and 
consoles. 


@ Heat treatment service for industry has 
been set up at Aldridge by Birlec Ltd. 


@ PTFE, polytetrafluorethylene by Permali 
Ltd, Gloucester, has been reduced in price 
some 10%. 


@ Ultrasonics at 10,000 Mc/s are said to 
have been produced by E. H. Jacobsen of 
US General Electric. 


@ BritIRE has established new Premiums: 
a Charles Babbage Premium for an out- 
standing paper on computers, and a Lord 
Rutherford Premium for a paper on control 
and instrumentation in nuclear physics 
and engineering. 


@ Thompson-Ramo-Wooldridge Products 
has established a European office in Paris, 
under Willard A. Bridges. 


@ Limitorque Valve Controls Ltd has been 
set up by Opperman Gears (Holdings) Ltd 
to manufacture the American Limitorque 
automatic valve actuating device. 


@ DEUCE, mark 1, by English Electric, 
being installed in the University of Liver- 
pool’s Ashton Hall Mathematical Labora- 
tories, will be operational in the early 
summer. 


@ Thermo-setting silvering preparation 
(FSP36) developed by Johnson, Matthey 
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DOWN ON THE FARM 
Ten SMA2 ‘Limitorque’ valve controls operating Darling 20-in, series 150, wedge 
gate valves, on a tank farm pipeline manifold at a terminal of the West Texas Gulf 
Pipe Line Co, near Houston, Texas. A new British company, Limitorque Valve 
Controls Ltd, has been set up by Opperman Gears to manufacture this American 
automatic valve actuating device 


will provide surface films of relatively high 
conductivity or can be used as a conducting 
cement. 

@ Electronic velocity analysers; six EVA 
equipments have been ordered from 
Marconi’s by the Ministry of Supply for 
weapon velocity measurement by the Royal 


Artillery and the Department of the Chief 


Superintendent of Ranges. 


@ Italian agents; Industrial Products 
Agencies S.r.]., Via Carlo Fea, 11, Rome, 
want agencies for British products including 
servomechanism and automation equip- 
ment, electronic and nuclear instruments, 
microwave equipment, etc. 


@ Communications; Marconi’s are pro- 
ducing an automatic error-correcting device 
for long range h.f. work. On receipt of a 
distorted character this ‘Autoplex’ request 
repetition, automatically initiating re-trans- 
mission of the suspect group. 


@ Silicon photo-duo-diode, by Texas In- 
struments Inc, a subminiature (0-5 by 0-85 
in. diameter) photosensitive unit, the type 
1N2175, passes up to 1200 wA at 1200 
Im/ft® or 0-5 wA in darkness. 


@ Van de Graaff and electron linear 
accelerators by High Voltage Engineering 
Corp, USA, are to be manufactured in 
Amersfoort, the Netherlands. 


@ Lubrication firm Tecalemit Ltd, have 
purchased half the ordinary shares in 
British Filters Ltd. 

@ Materials handling company Herbert 
Morris have acquired the British and 


American (20°) shares in British Mono- 
rail Ltd. 
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@ Microcell Ltd have moved to Ingersoll 
House, 9 Kingsway, London, WC2. Tele- 
phone: Covent Garden 1262. 


@ Smoke eliminators for industrial boiler 
plant are being manufactured by Lynward 
Engineering Co Ltd under licence from 
DSIR. 


@ Hero (Hot Experimental Reactor of 
Zero Power) is to be built by the UKAEA 
at Windscale. Intended to complement the 
research work on the advanced gas cooled 
reactor (AGR), it will be complete in early 
1961. 


@ Lang Pneumatic Ltd have moved to 
Owen Road, Wolverhampton. Telephone: 
Wolverhampton 25221. 


@ Calibration centre is to be set up in 
Delhi by Marconi Instruments’ Indian 
Agents, Associated Instrument Manu- 
facturers (India) Private Ltd. 


@ Specialized brazing service is offered by 
Newton Victor Ltd, the X-ray Depart- 
ment of Metropolitan-Vickers. 


@ Ultra Sound Image Camera, a television 
camera which operates from ultra-sound 
waves instead of light, was described to the 
IEE by C. N. Smyth and J. F. Sayers on the 
18th February, 1959. 


@ Computer cores down to 2mm outer 
diameter are claimed practicable with the 
aid of a new coil-winding machine by 
Neosid Ltd. 

@ PTFE instrument wires, 500 and 1000 V 
r.m.s., to Ministry of Supply (Air) Speci- 


fication EL 1930 types B and C, are avail- 
able from Siemens Edison Swan. 











LOOKING 
AHEAD 


A diary for the next three months 


Unless otherwise indicated, all events take place 
in London. BCS British Computer Society. 
BritIRE British Institution of Radio Engineers. 
IEE Institution of Electrical Engineers. RAeS 
Royal Aeronautical Society. SIT Society of 
Instrument Technology : 


THURSDAY 16 APRIL 

Self Optimizing Control Systems for a Certain 
Class of Randomly Varying. Inputs. A. P. 
Roberts SIT 6.00 at Manson House, Portland 
Place, W1 


THURSDAY 16-THURSDAY 30 APRIL 
22nd Engineering, Marine, Welding and 
Nuclear Energy Exhibition. Olympia 


TUESDAY 21 APRIL 

The Problem of Maintenance of Electronic 
Equipment in the Process Industries (Discussion) 
IEE 5.30 at the Institution 


MONDAY 27 APRIL 

Electronics of Guided Missiles RAeS 6.00 at 
the Institution of Civil Engineers, Great George 
St, SWI 


WEDNESDAY 29—THURSDAY 30 APRIL 
Convention on Thermonuclear Processes. 
IEE. At the Institution 


WEDNESDAY 6 MAY 
Presidential Address by J. F. Coales SIT 5.30 
at Manson House, Portland Place, W1 


MONDAY 11—WEDNESDAY 13 MAY 
Joint Symposium on Instrumentation and 
Computation in Process Development and 
Plant Design. Details: General Secretary, 
Institution of Chemical Engineers 


TUESDAY 12 MAY 

Early Experience with an EDP Installation 
T. C. Hickman BCS 6.15 at the Northampton 
College of Technology, EC1 


THURSDAY 21—WEDNESDAY 27 MAY 
International Convention on Transistors and 
Associated Semiconductor Devices. There will 
be a technical exhibition associated with the 
Convention. Earls Court 


MONDAY 15-SATURDAY 20 JUNE 

International Conference on _ Information 
Processing. Organized by UNESCO in Paris. 
Details: Hon Secretary, Group B, BCAC, c/o 
IEE, Savoy Place, WC2 


TUESDAY 16—TUESDAY 30 JUNE 
International Electronic, Nuclear and Cine- 
matographic Exhibition. Rome 


WEDNESDAY 17-SATURDAY 27 JUNE 
International Plastics Exhibition and Conven- 
tion. Olympia 


MONDAY 22-THURSDAY 25 JUNE 
Ist British Computer Society Conference. 
Cambridge 


WEDNESDAY I-SUNDAY 5 JULY 

Television Engineering in Science, Industry and 
Broadcasting. BritIRE 1959 Convention. 
Cambridge 


LOOKING FURTHER AHEAD 
TUESDAY 6 OCTOBER-JUNE 1960 

Post graduate Course in Control Engineering. 
Applications to the Secretary, Cambridge 
University Department of Engineering, Trump- 
ington St, Cambridge, not later than Ist July 
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ADVERTISER'S ANNOUNCEMENT 


_ Electrical Aids in Industry 


TiC ami tcr ear 


Electro-magnetic induction was discovered by 
Faraday and used by him to evolve the electric 
motor. In some cases, induction can be a nuisance 
by causing heat losses to arise from induced eddy 
currents in nearby pieces of metal, but in industry 
today those heat losses are being turned to good 
account as a method of metal heating. 


Induction heating produces heat only in the work 
piece. This is a fascinating and spectacular process 
which has the additional merit of being extremely 
effective. An important feature of induction heating 
is that it gives rapid temperature rise with no time 
lag, starting being instantaneous. Perhaps its great- 
est advantages are that it can be used in automatic 
processes and does not demand skilled labour. 

Induction heating can deal efficiently with all the 
applications outlined below, and including metal 
melting, preheating and stress relieving, surface 
hardening, heating of large components, preheating 
of steel tubes for manipulating, heating for shrink- 
ing, for forging and extrusion, as well as for the 
heating of vessels. There are various methods of 
applying it, the method to be used being dictated 
by the application. 

Technical details relating to the choice and use of 
individual types of induction heating will be set out 
in a subsequent data sheet. 


Metal melting 


The oldest and largest application of induction 
heating lies in the melting of metals. The outstand- 
ing advantages are: freedom from deleterious gases 
and products of combustion 
and other contaminants, rapid 
speed of melting, low running 
costs, improved working con- 
ditions and reduced metal loss. 


Metallurgical processes 


This covers a large variety of processes which may 
be basically divided into surface heating and 
through heating. Most processes fall into the 


skin hardening. They include the treatment of such 
components as: pins, camshafts, crankshafts, 
rollers, cylinder liners, gear teeth, rocker arms and 
shafts and valve stems. 
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Data Sheet NO. 2 


Through Heating 

When the current in an induction coil is main- 
tained for a longer period it results in the heat cn- 
gendered in the work piece 

penetrating to a greater C) O ae 
depth and eventually 

throughout the piece. It is 

largely used for the heating of slugs and billets, 


for upsetting and upset forging, flanging and nosing, 
shearing and forging and bolt blanks for heading. 


Annealing 

Induction heating is the ideal method of altering 
the character of metals for a special purpose. An- 
nealing and its related process of tempering, 
normalising and stress relieving are prominent in 
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this category. In the case of annealing, one feature 
of the treatment is that it can be localised, while 
induction tempering can do in one minute what 
would require half-an-hour or more with conven- 
tional furnace heating. 


Brazing, soldering and welding 


Brazing and soldering by induction are the quickest 
and cleanest methods of joining metals together, 
and it is often beneficial to re-design the parts so 
that the fullest advantage can be taken of induction 
heating. Brazing can be used in 

the case of: carbide inserts for ce 
tools, tips for rock drills, parts wt 

for universal joints, etc., while 

the many applications of solder- 

ing are well-known. It was not 

until well into the present 

century that the age-old craft 

of welding became a positive aid to greater produc- 
tivity. Induction welding produces a good, clean 
weld because oxidation is almost absent. 


Miscelianeous Applications 


{Induction heating can be profitably used for a large 
variety of purposes, including the fusion and hot 
pressing of powders, heating im vacuo, gas deter- 
mination in metals, fusion of glass, chemical work 
and many other processes. 


For further information, get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association. 

Excellent reference books are available on 
electricity and productivity (8/6 each or 9/- 
post free)—“ Induction and Dielectric Heating” 
is an example, 

E.D.A. also have available on free loan a series 
of films on the industrial use of electricity. Ask 
for a catalogue. 

Issued by the Electrical Development Association, 
2 Savoy Hill, London, W.C.2. 
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W. G. Thomas of Bailey Meters & 
Controls, and V. D. MacLachlan of Honey- 
well Controls having been elected President 
and Chairman respectively, of BIMCAM, 
I asked them for their views on the Associa- 
tion’s future. Thomas feels strongly about 
exports and world competition. He said 
‘BIMCAM members are meeting the 
demand for new techniques in the nuclear 
power field and in the processing industries. 
Member companies’ achievements reflect 
the considerable investments made in 
research and development, which will place 
Britain in a strong position in world 
markets.’ MacLachlan would like to see 
more cooperation between BIMCAM and 
the user-manufacturers’ associations, ‘to 
sell this industry to the user industries’. 





LEYTON 
On the pad 


AXON 
For the record 


M. H. J. Hammill has given up his 
position as MD of Foster Transformers to 
join the board of John Morris Electrical 
Engineering. He becomes MD of John 
Morris and its associated companies. 
Neither Foster Transformers nor parent 
company Lancashire Dynamo were able 
to tell me who will succeed Hammill as 
Foster’s MD. 


N. G. Bennett, who has recently been 
elected joint MD of Graviner, the fire 
protection people, sees the growth of 
automatic control as presenting a challenge 
to his company. ‘Unattended machines 
and processes require automatic fire 
protection and temperature control’, said 
Bennett. 


D. L. Brown, who has become Deputy 
Manager of Smiths Aviation Division’s 
Research Establishment at Cheltenham, has 
been closely concerned with aviation for 





PEOPLE IN CONTROL 


by Staffman 


many years. He holds a high opinion of 
Smiths—‘The fact that I have joined them 
at my time of life, is self-evident of my faith 
in the organization and its future.’ 


P.H. Leyton’s resignation from Saunders- 
Roe, where he was Chief Rocket Develop- 
ment Engineer on ‘Black Knight’, has led 
to a great deal of speculation. He takes a 
poor view of British space research policy 
and it has been suggested that he left Saro 
in a huff. However, as he is joining Black & 
Decker, the portable electric tool manufac- 
turers, as Director of Engineering, his real 
reasons for leaving Saro may be rather 
more down to earth. Certainly, my conver- 
sation with him left me with that impression. 


Laurence Malec, ex MD of Air Trainers 
Link, who has joined Solartron as MD of 
Solartron Radar Simulators Ltd, told me 
something of the future in this field. They 
are concerned with radar simulation for 
marine, aviation and tactical training and, 
indeed, for the ‘space age’. Not only does 
the simulator minimize training costs 
(compare using an aircraft or possibly a 
nuclear submarine for radar training) but it 
is extremely flexible. “We can simulate 
problems before they have arisen in 
practice.” 


The American magnetic tape equipment 
firm, Ampex Corp, have set up a British 
manufacturing subsidiary, Ampex Elec- 
tronics, in Reading, under ex-BBC research 
man, Peter Axon. It looks as if Ampex see 
a good market in the machine tool and 
process control fields. In telling me that 
‘A magnetic recording system can give very 
exact reproducibility and hence faithful 
repetition of the most complex programme 
of instructions,’ Axon let few cats out of the 
bag. 


E. G. Wakeling has left Elliott Brothers, 
where he was Manager of their servo 
division, to become GM of Advance 
Components. Wakeling’s experience— 
electrical branch of the navy, g.w. and 
aircraft, servos and industrial control— 
suggests to me that this components and 
communications test gear firm will expand 
their instrument activities into servo and 
control engineering. 


MacLACHLAN 
Cooperator 


The new President of the Radio and 
Electronic Component Manufacturers’ 
Federation is, appropriately enough, 
E. M. Lee, MD of Belling & Lee the 
component people. As I write, Lee is 
attending the US IRE Exhibition but he is 
expected home for the components show 
(6th-9th April). Other Belling news includes 
D. W. Rippin’s resignation from the post 
of Export Manager. He is joining Belling’s 
Canadian agents, Astral Electric. J. E. 
Bailey (ex-Decca Radar & Marconi’s 
Wireless) will take over as Export Manager. 


pa 








MALEC LEE 
Pretender President 


Following the recent death of J. Brook, 
Dewhurst and Partner’s Works Director 
for very many years, C. A. McLaren has 
been appointed Works Manager. Dewhurst 
are electrical control gear people, and I 
asked McLaren for his views as a production 
man on possible future trends. ‘Increased 
competition in the control gear field means 
a greater tendency towards mass production 
and standardization of parts, with a definite 
movement towards unit construction’, he 
replied. 


The Nobel prize winner for chemistry in 
1952, A. J. P. Martin (awarded jointly with 
R. Synge), is to be the first Research 
Director of Griffin & George (Research & 
Development) Ltd, a new G & G group 
member. I gather that analytical techniques 
and their application in laboratory and 
plant will be the new research company’s 
major responsibility. Martin is well known 
for his work on partition chromatography. 


J.H. Head, late of Advance Components, 
is to be Director and General Manager of 
the new Racal company, Racal Instruments 
Ltd. He tells me that the idea is to hive off 
Racal’s growing instrument interests from 
their other activities. Head has high hopes 
for digital instrumentation. 
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VOLTAGE UP TO 10 VOLTS 


ACCURACY +5% 


REFERENCE (+10% Also Available) 


SILICON OPERATING TEMPERATURES 


VG Be DIODES 65°C to +150°0 
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Zener voltages from 3°6 to 10:0 volts in 
12 steps, of approximately 10%. Perform- 


ance data are shown for typical devices. 
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= Voltage Stabiliser incorporating Reference Diodes—Maximum output | amp @ 30 volts. 
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Visit us on Stand No. 95 at the R.E.C.M.F. Exhibition, Grosvenor House, 6th to 9th April. 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE: BEDFORD 68051 DALLAS ROAD BEDFORD castes: TExINLIM BEDFORD 
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STORAGE OSCILLOSCOPES 


a choice for the user 


The Solartron Infinite Persistence Oscillo- 
scope (type QD.910) employs a Memotron 
storage cathode ray tube—giving an infinite 
trace persistence. It is a dual-channel in- 
strument, each of the channels (Y, and Y,) 
being identical and having a sensitivity of 
10 mV/cm to 30 V/cm in eight ranges, a 
bandwidth of d.c. to 1 Mc/s (3dB). The 
inputs can be single-ended or differential. 
The two channels can be used separately, 
or together by employing a 500 kc/s high- 
speed beam switch. The X amplifier has a 
similar sensitivity and bandwidth to the Y 
system. The time base has a range of 
10 #sec to 100 sec for a 10cm sweep, and 
the trigger delay has a similar range. The 
time base may be triggered from positive 
or negative signals, or both; the triggering 


The Solarscope . . , 





being internal from either channel, external 
supply frequency or push-button. The 
Memotron tube has a diameter of 5 in., a 
writing speed of 125,000 cm/sec minimum, 
and an erase time of 0-2 sec. The price of 
the Solarscope is £825 with the tube, and 
£450 without. 


Tick No 185 on reply card 


Remscope is the name for the storage 
oscilloscope newly produced by Cawkell 
Research and Electronics Ltd. The instru- 
ments previously produced by this firm 
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used the Memotron but the Remscope 
employs the English Electric (type E702) 
storage tube, which is less easily damaged 
and has a faster response. 

The display time exceeds 15min and 
may, on all but the fastest signals, be ex- 
tended to nearly 2h; the storage time being 
up to a week. The persistence of the display 
can be varied from a few seconds up to 
15 min. The initial instrument has a plug-in 
single-channel Y amplifier with differential 





. and the Remscope 


d.c. inputs; and having a bandwidth of d.c. 
to 3 Mc/s (3 dB). The sensitivity is 50 mV/cm 
using the whole band and 5mV/cm for 
100 kc/s. The time base covers the range 
from 3 cm/sec to 0-1 cm/sec and a 5 times 
expansion is possible by using the X ampli- 
fier. A.c. or d.c. signals may be used to 
start the time base and starting is automatic 
once the input potential exceeds a preset 
level. The writing speed is between 2 and 
4 cm/usec with an erase time of less than 
l sec. A provisional price of £625 and 
delivery commencing in July is predicted. 
Tick No 186 on reply card 


RELAYS AND PATCH PANELS 


aids to control from Woden 


The Woden-TSP wire contact relay is a 
plug-in 4-pole changeover relay with twin 
wire contacts. The wires may be readily 
renewed and all the fixed contacts are of 
silver alloy. High-speed operation is pos- 
sible with operating and release times down 


A monthly review of system components and instruments 


to 3 msec. The unit has an expected contact 
life of 3,000,000 operations, and is available 
with coil resistances from 100 to 10,000 
ohms, in voltages from 6 to 150 V d.c., and 
with 6- or 12-poles. The standard 4-pole 
relay has dimensions 1? x 1} x § in. 

The Woden-TSP patchboard occupies 
little space and has a smart appearance. 
The panels are rapidly changed and a 
special barrel type plug ensures that the 
programmes will not be upset during hand- 
ling. A range of patch cords and plugs is 
available for a wide variety of conversions. 
The standard patch board is 7 = 4 in. with 
a total of 334 sockets at + in. pitch. 

These units are marketed by Woden 
Transformer Co Ltd. 


Tick No 187 on reply card 


RELAY METER 
a simple on-off controller 


Beckett and Parker Ltd have introduced a 
new relay meter which will give an alarm 
if a constant voltage source varies up and 
down by more than 1°, of the instrument 
range. A closer tolerance, or a short-time 
delay, can be arranged if required. The set 
point is adjusted by a knob on the front 
of the meter. The instrument pointer carries 
a light metal shutter with a. slit in it, 
through which a beam of light passes on to 
a phototransistor when the voltage is at 
its correct value. If the voltage moves out- 
side tolerance, the light is interrupted, and 
a relay is engaged. The tolerance is a 
function of the width of the slit. A variation 
of this relay meter is being developed which 
uses two phototransistors to give a more 
flexible control. 


Tick No 188 on reply card 


FLAME TRAP UNIT 


an aid to safety 


A new fire safeguard should be of interest 
in industries where pre-aerated gas, or pre- 
mixed gases are used. Under present 
practice a flame-trap is provided to arrest 
the flame temporarily in the event of a 
blow-back. However, unless it is noticed, 
the blow-back flame will ultimately burn 
through the flame-trap. 

With this new unit a detector is placed 
in front of the element of the flame-trap, 
so that gas can be shut off, or an alarm 
given, within a fraction of a second of a 
blow-back occurring. 

The flame-trap ancillary unit (type 350), 
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THE UNIQUE ‘laylor 


TRANSCOPE RECORDER 


FOR ALL FORMS OF PROCESS CONTROL 


Sen ale tact berate 2 nae nT nc 


> as 5 
ENGINEERS 


acclaim the outstanding design and 
performance. 


EXECUTIVES 


commend the realistic cost. 


PLUS 


the many space saving features. 


“le 


Reduced cost on panels, and control 
room design. 


PU b hath 


Ease of control — plants “‘on stream” 
quicker and remain “‘on specification” 
longer. 
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PLUS SAVING 


of original capital—spares are in unit 
form—minimum quantity will service 
numerous recorders. 


CONTACT 
TAYLOR 

NOW 

for full details 


Specify 
TRANSCOPE 


‘Taylor RECORDER 


Save Money, Time, Space 


capaeiudpammnenemmennenneqnensillicsissiissnuieictniisiitincaecamentmmsamtiaiiinasiatiaaiaas 


Hale End Road, Walthamstow, London, E.17. Telephone: Larkswood 3371-6 


A subsidiary of the Taylor Instrument Companies, Rochester, N.Y., U.S.A. 
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made by Ether Ltd, is small, compact 
and claimed to be reasonably priced. It is 
adaptable to existing flame-traps. Features 
include a broken-detector device which puts 
the unit in a fail-safe condition in the event 
of a detector element break. A press-button 
reset is incorporated to ensure that, after a 





The sensing element in front of the 
flame-trap cuts off the gas when the 
flame blows back 
blow-back has been eliminated, the con- 
trolling valve or safety circuit will not 
reopen until it is reset manually. A small 
neon lamp lights up when the unit is in 
the alarm position. The unit is suitable for 
wall or panel mounting and uses a normal 

single phase supply. 
Tick No 189 on reply card 


SWIVEL COUPLINGS 


a further range for industry 


Avica swivel pipe couplings have been in 
service for many years in aircraft and 
special industrial installations. The new 
Mk 3 series has been designed to meet the 
need for a more rugged, economic coupling, 
for use at pressures up to 400 Ib/in*. The 
range has been initially developed in the 
}, and 4 in. BSP pipe sizes; but it may be 
extended to | in. BSP. 

Four versions of the coupling will be 
available in each size. All the normally 
encountered hydraulic fluids may be 
handled by selection of correct sealing gland 
material. A choice of parallel or taper pipe 
threads can be provided in both body and 
shaft components. 

The couplings are manufactured by Avica 
Equipment Ltd. 

Tick No 190 on reply card 


SUBMINIATURE VALVES 

for counting or computing circuits 
The Hivac range has been increased by the 
addition of the two new subminiature tubes 

the h.f. double triode XR9 and the twin 
trigger cathode tube XC24—have been 
added. 

The XR9 is a 63 V_ indirectly-heated 
valve with characteristics similar to those 
of the American type 6111. Apart from 
radio circuitry, the most important use of 
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the XR9 is in counting or computing cir- 
cuits where it can fulfil the functions of the 
much larger valves 12AU7 or 12AT7 which 
have previously been widely used in such 
applications. 

The Hivac type XC24 has been designed 
as an ‘or’ gate and for use in forward/ 
backward counting chains or similar cir- 
cuits. The characteristics of each ‘half’ are 
as follows:— minimum anode breakdown 
voltage 210 V; nominal anode maintaining 
voltage 73 V; nominal trigger breakdown 
voltage 68 VY; minimum trigger/trigger 
breakdown voltage 90 V; maximum con- 
tinuous cathode current 1 mA. 

Tick No 191 on reply card 


VALVE OPERATORS 
a proven unit from America 


The Limitorque is a fully automatic valve 
operator which can be used on a wide 
variety of valves. It can be powered elec- 
trically, pneumatically or hydraulically. If 
an obstruction is met whilst the valve is 
being closed, a torque limit switch in the 
operator cuts off the source of power. The 
seating may be adjusted to compensate for 
normal valve wear. Another feature is the 
sudden blow which is. given to the valve 
when the operator is actuated, thus ensuring 
that sticky valves will be freed. This is 
effected by allowing the motor and gears 
to reach full speed before a torque is 
applied to the valve stem. A handwheel is 
fitted for emergency use. 

The type SMA operator is for gate and 
globe valve use, and is built in six sizes up 
to a maximum of 4300 lb-ft torque and 





An SMAI Limitorque electric valve 
operator with integral control gear 


150,000 Ib thrust. The type SMA-HB is for 
rotary valves requiring a maximum torque 
of 46,000 Ib-ft. The type SA is built in 
five sizes for high temperature work. A 
number of other types are available for 
special purposes. 

The operator is to be manufactured in 
this country by Limitorque Valve Controls 
Ltd, under an agreement with the Phila- 
delphia Gear Corporation. 

Tick No 192 on reply card 


INDUSTRIAL PROGRAMMER 
a versatile aid to process control 


A programme recording and playback 
equipment for industrial process control 
has been developed by Venner Electronics 
Ltd. It has been designed to control the 





sequence and timing of industrial processes 
and is capable of providing up to forty-nine 
on-off switching actions on independent or 
common circuits as required. It can be 
used to programme any process in which 
the sequence of events can be controlled 
by the timed operation of a number of 
contacts. A total operating period of up to 
2$h is standard but special units are 
available for longer periods. 

Three units are available. The programme 
recording console (type TSA36) is mounted 
in a 5 ft enclosed rack. It comprises main 
recording and re-recording decks, and has 
a provision for audio checking the tapes. 
The playback unit (type TSA38) is for use 
with the TSA36. The record/playback con- 
sole (type TSASO) is intended for smaller 
installations which do not justify the 
expense of separate recording and play- 
back units. 

Tick No 193 on reply card 


ELECTRIC SUPPLY CONTROLLERS 

simple, low-priced instruments 
A new voltage controller provides an out- 
put voltage which may be varied from zero 
up to 270V a.c. when supplied from 
230 V 50 c/s a.c. The rated current is 0-84 A 
and the accuracy is 2% full scale. It con- 
sists of a continuously variable transformer 
whose output is displayed on a high-grade 
a.c. voltmeter. Its dimensions are 104 « 6 «5 
in. and weighs 10 Ib. 

An a.c. signal source from the same 
firm provides a 0-50 V d.c. supply which 
may be used either as a voltage or a current 
source on eight ranges. The high voltage 
setting is 0-SO V metered direct, and the 
low setting is 0-10 mV with 100 ohms im- 
pedance. The high current setting is0-SO mA 
metered direct, and the low setting is 
0-10 wA with 5megohm impedance. It may 
be operated from a 100-250 V 50 c/s supply 
and uses about 15 W. 

These two instruments are made by 
Bryans Aeroequipment Ltd. 

Tick No 194 on reply card 


ELECTROMAGNETIC COUNTERS 
high speed and long life 


The sole selling rights in the UK have been 
obtained by Lancashire Dynamo Electronic 
Products Ltd for the Hengstler electro- 
magnetic counters types F43 and F43M2. 
Capable of counting at speeds up to 2400 
impulses/min and having a long life expect- 
ancy, the Hengstler F43 and F43M2 units 
are basically similar in design, both provid- 
ing 6-digit indication. The F43 incorporates 
manual reset and the F43M2 has both 
manual and electrical reset. Both are avail- 
able in high-speed or low-speed versions 
and at a number of preferred d.c. operating 
voltages. Rectifier units for operating at 
certain preferred a.c. ratings will be avail- 
able later. Each counter comprises two 
parts, the counter itself and a socket box 
into which it is inserted, electrical connex- 
ions being made by means of a plug and 
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Room Thermometer 
with plastic case 


Mercury-in-steel Disc 


istance-type Mercury-in- 
Distance-type Mercury Chart Recorder 


Brass-cased Tank and steel Dial Thermometer 


Pipe Thermometer 





For complete technical literature about 
Thermometers write to:— 


NEGRETTI & ZAMBRA 


pe es = 


NEGRETTI & ZAMBRA LTD., 122 REGENT STREET, LONDON, W.1. 
Telephone: REGent 3406 Telegrams: NEGRETTI, PICCY, LONDON 





Brenches at: Birmingham, Cardiff, Glasgow, Manchester, Leeds, 
Nottingham. Agents or subsidiaries in most countries. 


Multi-point Indicator 
Pyrometer 
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socket at the rear. The socket box is a 
pressure die casting with provision for inter- 
locking with adjoining boxes on all four 
sides, so that large banks of counters can 
be assembled into a single structure. 

Tick No 195 on reply card 


DIGITAL CLOCK 


time to the nearest second 


The Chrono-log Corp model 2600 digital 
clock produces multiple, digital representa- 
tions of time to the nearest second, suitable 
for providing time data to logging systems, 
data handling systems and computers. Up 
to three independent, parallel, decimal out- 
puts are available in one unit, with time 
resolutions of seconds or minutes. Designed 
for standard relay rack mounting the digital 
clock requires only 34 in. of panel height. 
The digital clock can actuate all parallel 
readout devices such as tape printers, 
parallel punches, digital displays, etc. The 
parallel output provides an externally wired 
common lead for each digit position, 
permitting ease of conversion to serial 
mode for actuating serial devices such as 
tape punches, magnetic tape units, type- 
writers and teletype equipment. 
Tick No 196 on reply card 


PRESSURE GAUGE 


miniature, remote reading 


A new addition to the Appleby and Ireland 
range of miniature pressure gauges is the 
type AI.680. This is a remote reading 
version of the 0-5000 Ib/in® direct reading 
instrument. The indication may be on a | or 
3 in. diameter dial. 

The sensing element is a special steel 





The sensing element together with a 
3in. diameter remote reading dial 


diaphragm, the movement of which is 
transmitted to the armature of a synchro 
transmitter, energized from a 26 V, 400 c/s 
supply. The only coupling between the 
receiver and transmitter is a 5-core cable. 
Tick No 197 on reply card 


LEAK DETECTOR ‘ 
down to 10 © lusecs 


The new 20th Century Electronics Ltd mass 
spectrometer leak detector is a self-con- 
tained portable instrument which consists 
of a vacuum system of high pumping speed. 
In it are incorporated the mass spectrometer 
system together with an ionization gauge 
and Pirani gauge. The system is designed 
so that components can be directly pumped 


6 


and leak tested on the apparatus; the com- 
bination of Pirani gauge, ionization gauge 
and mass spectrometer covering a range of 
leaks down to 107? lusecs. 

The mass spectrometer unit consists of 
a miniature 180° mass spectrometer which 
can be tuned to mass numbers up to 40. 
The sensitivity of this device is highest at 
the lowest mass numbers and the use of 
hydrogen and helium as the probe gases 
give the highest sensitivity. Leaks of the 
order of 10-* lusecs can be detected using 
hydrogen, whilst with helium 10-7 lusecs 
is the minimum detectable leak rate of the 
mass spectrometer ion current. 





Self-contained, neat appearance 


In addition to meter indication a loud 
speaker is fitted which emits an audio note, 
the pitch of which is related to the magni- 
tude of the ionization current. This facility 
enables the operator to carry out tests on 
components from positions which would 
prevent the direct observation of the meter 
indication. The only external connexions 
which are required for the instrument are 
electricity services and water supply. It is 
now in regular production. 
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INDICATOR TUBE 
for use in high-speed stages 


Mullard Ltd have brought out a cold 
cathode decimal indicator tube (type 
Z503M) for use in the high-speed stages of 
counting equipments. 

In slower-speed counting stages, decimal 
stepping tubes, which give a visual indica- 
tion of the count, are used. But for high- 
speed counting conventional hard valves, 
or specialized tubes like the trochotron, 
are necessary, and these require some 
external indicating device. 

Various types of indicator are available, 
but the Z503M has the advantage of dis- 
playing the count in the same way as a 
decimal stepping tube, and thus enables 
the visual presentation to be made uniform 


throughout all stages of the counting 
equipment. 

The recommended anode current for the 
tube is 60mA, the minimum anode-to- 
cathode voltage necessary for ignition is 
129 V (with some ambient light); and the 
voltage across the tube and a 500 kilohm 
series resistor below which the glow will 
extinguish is 105 V. 

Tick No 199 on reply card 


POWER UNITS 


with transistor-stabilization 


A low voltage transistor-stabilized power 
unit (type 10) has been introduced by the 
electronics division of GEC. The nominal 
input is 230 V 50 c/s + 8%, and the output 
can be varied between 6 and 20 V with a 
current range of 0-10A. The voltage regula- 
tion is about 1-4%. The stability is such that 
there is less than 1% change in output 
voltage after full load run of 5 hr duration. 
The net price is £150, ex works. 

Tick No 200 on reply card 


PERMANENT MAGNETS 


production to close tolerances 


A range of cast permanent Magloy 
magnets are now being produced at 
Swindon by Preformations Ltd. The 
magnets are made from precipitation- 
hardened ferro-magnetic alloys, and enable 
precision cast magnets, even of small sizes 
to be produced to relatively close toler- 
ances. These magnets possess excellent 
magnetic resistance to shock and vibration 
at any frequency; they are stable to within 
+ 0-02%/deg C temperature rise up to 
500 deg C; their resistance to external 
magnetic fields is such that their gap field 
strength will remain constant in use even 
after the influx of such external fields. In 
addition, die-cast aluminium jackets are 
provided both for mounting and protection 
purposes as well as synthetic jackets to 
provide absolute protection against mag- 
netic damage. 

Tick No 201 on reply card 


NYLON CHAIN 
silent, low inertia 


A nylon chain has been put on the market 
by George Goodman Ltd. It has a number 
of advantages, including its low inertia, 
lack of running noise, and resistance to 
chemical attack. The chain is being offered 
in 8mm pitch only and will sustain a 
static load of 5lb. For continuous or 
rapidly intermittent operations giving rise 
to pulsating loads it is recommended that 


the driving load should not exceed 3 Ib. 
Tick No 202 on reply card 


ELECTRONIC THERMOMETER 

fast acting, battery-operated 
A feature of a new electronic thermometer 
is its ability to measure temperature at the 
end of a long cable. A prototype instrument, 
now being used for geological survey, allows 
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PEN RECORDERS 
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———————— Continuous recording of rapid, transient or oscillatory pheno- 





KELVIN & HUGHES (INDUSTRIAL) LTD., KELVIN HOUSE, WEMBLEY PARK, MIDDX 
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KELV 


£ 
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mena is made possible with Kelvin Hughes High Speed pen 
recording instruments. A wide range of instruments is available 
including new units which will permanently record up to 8 
variables simultaneously. When used in conjunction with 
special Kelvin Hughes bridge amplifiers and power units, the 
recorders will measure strain, force, displacement, drag, 
pressure, acceleration and similar variables, providing in- 
stantaneous permanent recordings. Rapid response, versatility 
and dependability make them well suited for research work in 
aerodynamics, rockets, hydraulics, computers, and countless 
applications in industry, including civil engineering, mining, 
production testing of motor cars and tractors. 


Ruggedly built and insensitive to external vibrations, Kelvin 
Hughes pen recorders will operate effectively under the most 
exacting conditions in vehicles, aircraft, and where heavy 
industrial plant is operating. 


Please write for technical literature. Kelvin Hughes 


KH specialists are freely available to advise on any particular 
application for single- or multi-channel recorders in 
industry. 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


60-72 Kelvin 


Avenue, Hillington, Glasgow, S.W.2 
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the probe to be used 1000 ft below the earth's 
surface. The probe, embodying a tempera- 
ture-sensitive metallic oxide bead, is 
connected by a moisture-sealed lead to a 
sensitive d.c. bridge measuring circuit. The 
probe has a small heat capacity and the 
temperature reading is practically instan- 
taneous. Only a small amount of energy is 
required to power the probe, so that errors 
due to self-heating of the bead during 
operation of the thermometer are negligible. 
The accuracy is 1 deg C, and the avail- 
able model (LT.100) has two ranges, 0-50 
and 50-100 deg C. 

There are two types of probe. The 
immersion probe is fitted with a glass- 
sealed head suitable for immersion in liquids 
or gases. The body is a chemical-resistant 
epoxide moulding composition which is 
sealed to a nylon covered lead. The other is 
the contact probe, has the oxide element 
sealed into the epoxide probe body, and a 





The accuracy of this electric ther- 


mometer is 


I deg. C 


thin metallic cover acts as a thermal contact. 

The small mass of the metal and the 
efficient thermal insulating properties of the 
epoxide body ensure rapid stabilization of 
the contact. The thermal energy is still 
further conserved by the use of platinum- 
alloy leads, with a low Wiedemann-Franz 
ratio, for making electrical contact to the 
head. The instrument is battery-operated 
and under normal operating conditions the 
expected life of the battery is at least six 
months. 

The thermometer is to be produced by 
Wayne Kerr Laboratories Ltd. 
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CATHODE-RAY FLASH TUBE 

up to 1 million flashes a second 
A range of high-speed cathode-ray flash 
tubes which produce a flash of the same 


order of intensity as a gas-filled electronic 
flash tube has been introduced by the 


118 


Electronics Department of Ferranti Ltd. 

These tubes known as the CL60 and CL70 
series light up all over simultaneously 
in contrast to the normal behaviour of the 
cathode-ray tube, and have the additional 
advantage that flashes can be repeated much 
more rapidly. Flashes of up to 1 million/ 
sec are obtainable. It is also possible to 
produce long flashes, and flashes which con- 
tain an internal fine structure consisting 
of a multiplicity of smaller flashes. 

There are three different types of tube 
currently available. The CL60 series are 
triodes, 34in. in diameter; the CL70 
series are miniaturized, 1 in. in diameter; 
and the Cel series are diodes, 6 in. in diam- 
eter. Tubes can be made with phosphors 
of all colours including ultra-violet and 
infra-red. It is also possible to produce 
white light free from the spectral line 
structure associated with gas-discharge 
lamps and extending over specified spectral 
ranges. 

An application of this vacuum type of 
flash tube is its use, in conjunction with 
Ferranti solar batteries, in the examin- 
ation of binary or other position-indi- 
cating scales at high speed. By suitable 
choice of phosphor, the characteristic 
emission of the flash tube can be made to 
match the peak sensitivity of the solar 
cell. 

Tick No 204 on reply card 


AIR COMPRESSORS 
silent, compact 


Actuation of pneumatic instrumental con- 
trol units is one of the many applications for 
which two new Romac air compressors are 
claimed to be particularly suited. The com- 
pressors are fully automatic with a pressure 
range of from 55 to 85 Ib/in?. The features 
include special silencing and compact 
design; both are 28 in. high and 20 in. in 
circumference. 

The RT-D2 provides 2 ft*/min capacity 
at 40 lb/in* with a 4-h.p. motor, while the 
RT-D34 gives 34 ft?/min capacity at 40 Ib/ 
in* with a ? h.p. motor. A moisture separa- 
tor and a pressure reducing valve for both 
these compressors are available. 

Tick No 205 on reply card 


QUICK LOOK 


Newman Industries Ltd are to introduce a 
range of electromagnetic disk brakes, 
actuated by a normal a.c. supply, for build- 
ing into any of their f.h.p. and industrial 
3-phase motors up to 15 h.p. 

Tick No 206 on reply card 


A Mark II version of the Elgastat labora- 
tory deionizer B.102 has been evolved by 
the manufacturer, Elga Products Ltd. The 
unit is designed for the provision of equili- 
brium water for academic and industrial 
research. The flow rate is 15-181/h. No 
regeneration is required in situ. 

Tick No 207 on reply card 


A portable instrument for measuring the 
density of diesel engine exhaust smoke has 
been developed at the BP Research Centre. 
It is known as the Hartridge BP Smoke- 
meter, and is being produced under licence 
by Leslie Hartridge Ltd. 

Tick No 208 on reply card 

A 44 1b miniature battery-operated tape 
recorder has been introduced by Fi-Cord 
Ltd. It measures 9} x 5 x 2$in., records 
at standard speeds of 7} and 1{ in./sec and 
has a frequency response of 50 to 12,000 c/s. 
The recording time is 72min on the 
lower speed. 

Tick No 209 on reply card 


A high-powered stroboscope (type 6) from 
EMI Electronics Ltd has a flashrate of 
60,000 flashes/min. With standard decade 
counters measurements may be taken with 
an accuracy of 0-001%, + 1 count. 

Tick No 210 on reply card 


INDUSTRIAL 


PUBLICATIONS 





A leaflet giving brief details of their 
transformer analogue network analyser is 
the latest publication from F. C. Robinson 
& Partners Ltd. 211 


An artistic brochure from Mullard Ltd 
gives details and drawings of their photo- 
multiplier tubes. 212 


A lavish 26-page booklet from Parvalux 
is packed with information, photographs 
and drawings of their extensive range of 
f.h.p. motors and gear units. 213 


Instrumenter for industri, skipsfart og 
vitenskap—the byline for the Negretti and 
Zambra 12-page general catalogue in 
Norwegian. 214 


Lancashire Dynamo & Crypto Ltd give 
photographs and some details of their a.c. 
and d.c. electromechanical brakes in a 
gamboge leafiet. 215 


The magnificent 307-page 1959 catalogue 
from Marconi Instruments is mostly 
concerned with telecommunication equip- 
ment, but has a chapter on moisture and 
pH measurement. 216 


From BEAMA a booklet showing the part 
the electrical industry played at the Brussels 
and Geneva exhibitions. 217 


A 28-page booklet from Limitorque Valve 
Controls Ltd details the range of valve 
operators they intend to manufacture. 218 


Telemeter Magnetics Inc have a number of 
attractive leaflets on their magnetic core 
products and digital systems. 219 


The 1958 annual report of Texas Instruments 
Inc is superlative in its layout and 
appearance. 220 
For further information on any industrial 


publication tick the corresponding number on 
the prepaid reply card. 
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‘For your bookshelf 


Introducing flow control 


Flow Measurement and Control by W. F. Coxon. Heywood. 1959. 
322 pp. £2 15s. * 241 
This book is the third in a series on physical processes in the 
Chemical Industry and is written by one of the two general 
editors. These books aim to gathéf together within a 
reasonable space such practical and theoretical knowledge 
as will give a general understanding of the subject to both 
apprentice-trained and graduate technologists. 

Flow measurement is covered in the first seven chapters 
and a long appendix, and flow control in three chapters. 
The appendix consists of extracts from a recent draft for the 
forthcoming revision of BS1042 on ‘Flow Measurement’. 

The book is well produced and easy to read, and it lends 
itself better to working through, a chapter at a time, than to 
reference on particular points. A single volume cannot be 
comprehensive on this subject and the word ‘typical’, applied 
therein to a number of schemes and details, gives an idea of its 
usefulness as well as its limitations. This is particularly so 
because, as the author points out, the systems and detail are 
those with which he is most familiar and which are thus 
mainly from one manufacturer. Similarly, any references tend 
to be to this manufacturer’s publications. 

Whilst there are errors of fact and emphasis, they are not 
very significant since the book is likely to give a good intro- 
duction to, rather than a detailed knowledge of, the subject. 

DAVID KENT 


Star in the galaciic dust 


The Theory and Design of Magnetic Amplifiers by E. H. Frost- 
Smith. Chapman & Hall. 1958. 506 pp. £3 15s. * 242 
The past ten years have seen a minor galaxy of articles and 
papers on magnetic amplifiers, but books on the subject are 
few. This timely volume by Dr Frost-Smith will be welcomed 
by students and by many engaged in design or application of 
magnetic amplifiers. 

The book contains a thorough exposition of many types of 
magnetic amplifier now in common use. The author covers 
the field from the early transductor to modern half-cycle 
response amplifiers. Medium and low-power amplifiers 
dominate; little mention is made of high-power amplifiers. 
Circuit theory is developed with a minimum of mathematics 
and in easy stages starting with the early transductor. 

Dr Frost-Smith’s experience with closed loop control 
systems is reflected in the thoroughness with which he 
handles such complex features as transient and frequency 
response. Also he explains many other facets of magnetic 
amplifier behaviour that tend to confound the unwary. 

The construction and design of magnetic amplifiers are 
fully considered, and designs for several typical amplifiers are 
given. These show that, although design calculations are not 
over difficult, a wide knowledge of amplifier behaviour is 
essential. The book ends with a short review of applications. 

The appearance of Dr Frost-Smith’s book, as the first in a 
new series on automatic control engineering, gives emphasis 
to the widely acknowledged importance of magnetic amplifiers 
in modern control systems. R. D. PETTIT 


Tools for the systems man 


Transform Method in Linear System Analysis by John A. Aseltine 
McGraw-Hill. 1958. 316 pp. £3 6s. * 243 


For an engineer, mathematical transforms are tools which 
help him to study physical problems. He wants to know what 
these tools are, and how and when to use them. Furthermore, 
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What is 
Cybernetics? 


G. T. GUILBAUD 


TRANSLATED BY VALERIE MACKAY 


WITH A FOREWORD BY D. M. MACKAY 


This book presents a clear account of the 
history, thcory, and present practice of cyber- 
netics. Though written for the non-specialist, 
it will also be useful to the expert in search of 
a handy guide to the subject. Among the 
subjects discussed are automatic control, 
code-systems, ‘measures of information’, and 
parallels between artificial mechanisms and 
living organisms. The usefulness of the new 
thought-models of self-adjusting systems 
(economic, physiological, electronic, etc.) is 
constantly emphasized, and the interpenetra- 
tion of the sciences is demonstrated in a 
fascinating manner. 10s 6d net 


WILLIAM HEINEMANN LTD 
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and 
General Booksellers 


British and Foreign Books 
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Cambridge 


Phone Cambridge 58351 
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ORTIPHONE 


for MINIATURIZATION 
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The extensive range of Fortiphone transformers include 
screened, encapsulated and open types, with or without 
printed circuit terminations and suitable for transistor 
circuits, microphone matching and many other applica- 
tions. Push-pull type suitable for 4.5V, 6V, 9V and 12V 
transistor amplifiers are available. 

A full range of type approved transducter bobbins are 
available and complete assemblies can be produced to 
customers’ specifications. 

Granted advanced quality approval (open type trans- 
formers) advanced limited approval (encapsulated type 
transformers) to R.C.S.214. 


For further details see the Fortiphone Transformer Handbook Q 
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continued from page 119 

he wishes to attain this object without having to fight his way 
through a barricade of advanced mathematical entangle- 
ments. Being a lecturer in engineering, Dr Aseltine has fully 
appreciated this fact when writing his book. He has supported 
most of his mathematical arguments with physical reasoning 
and examples. Where the mathematics has become too in- 
volved, he has stated the results without proof but has given 
adequate references to where the proofs may be found. 

The first eleven chapters of the book are concerned with 
Laplace transforms and their applications to electrical net- 
works and mechanical systems. Two of-these chapters deal 
with techniques of control system analysis including frequency 
response and root locus methods. On the latter subject, the 
author writes with some authority, having had considerable 
industrial experience in the field of control systems. One 
chapter is devoted to the Laplace transform solution of partial 
differential equations. The final six chapters are given over, 
one each to Fourier series, Fourier transforms, Z transforms 
(for solving difference equations), Mellin transforms, and two 
to systems with random inputs. 

Sufficient references are given for anyone who wishes to 
pursue any of the topics further. It is a pity, however, that 
nothing more than reference is given on methods of poly- 
nomial factorization, because this problem often occurs when 
using Laplace transforms. Nevertheless the book should have 
a wide appeal amongst engineers, and particularly control 
system engineers, of graduate level. A. P. ROBERTS 


Fine child—but some features awry 


British Instruments. SIMA and United Science Press. 1959. 640 pp. 
£2 2s. *% 244 


Nearly 300 pages of this admirably presented directory and 
buyers’ guide are filled with firms’ announcements, a further 
40 with display advertisements. The address section is useful 
but not comprehensive; among the notable omissions are 
Distillers, Keelavite Hydraulics and Schraders, apart from 
many small firms. 

The classified headings themselves are generally clear when 
confined to standard instruments and laboratory equipment, 
but they are poor for control system units. For example, 
recorders are listed under the physical quantity they record, 
and not their method of operation; this seems to be the wrong 
approach, and leads to a lack of headings for galvanometer 
or potentiometric recorders. Moreover, from spot checks, it 
seems clear that SIMA has no reliable source of knowlege for 
makers of equipment outside its own immediate sphere. This 
is substantiated on the first page by the list of firms under 
“Actuators—pneumatic’. Those left out include Baldwins, 
Hydraulics and Pneumatics, Lang, Martonair, and Maxam; 
and these are serious errors. Again Sperry, Dowty, Gloster 
and Fairey will be surprised not to see their names under 
‘Amplifiers—hydraulic’. 

SIMA is to be congratulated on sponsoring this directory, 
which despite its defects is a convenient reference book, and 
with revision could become a true guide to the instrument 
industry. Yet it is disappointing to see the child, after knowing 
its father. The President of SIMA has described the book as 
being ‘a jump, not a step, ahead.’ To say it has stumbled 
ahead might be more appropriate. DAVID E. RAYNER 


Books received 
Principles of Electronics by M. R. Gavin and J. E. Houldin. English 
Universities Press. 1959. 360 pp. £1 10s. *% 245 


Automation Today and Tomorrow by L. Landon Goodman. Iota Services. 
1959. 164 pp. £2. * 246 


What is Cybernetics? by G. T. Guilbaud. Heinemann. 1959. 134 pp. 
10s. 6d. * 247 


%_ Tick the relevant number on the reader information card for further 
information on any book reviewed above. 
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Tick No 75 on reply card for further details 


CONTROL 


BUYERS’ GUIDE 


TO MANUFACTURERS AND SUPPLIERS 





The CONTROL BUYERS’ GUIDE lists more than 1/200 
firms manufacturing every kind of control system and 
component. Published annually it is your quick reference 
book for addresses and control engineering components. 


Please send me the Control Buyers’ Guide, for which | 
enclose 3/6 + 6d postage and packing. 


NAME 


ADDRESS 


ROWSE MUIR PUBLICATIONS LTD 


3 PERCY STREET. LONDON, W1!1 
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Thermo 


means automation in 
heating, ventilating 
or process control 


Air-conditioning cabinets for 
constont temperoture and 
hum dity. 


Delta Regulotor (for 
boiler flue control). 


a 


ed = 


. 
Praesens uamaatare. Instrument and contro! paneis. 


& 


Lampers. 


Room Thermstat. 


— 
Variator (for outdoor tem- 
perature contro! of indoor 
space-heating). 


Duct or Water Thermostat. 


If you are interested 
in automatic control 
YOU should be on 
our mailing list 
} _ PLEASE TICK YOUR 
FIELD OF INTEREST 


Outside temperature 
detecting unit. 


Control valves. 


Thermocontro) manufacture and 
distribute a full range of controls and 
allied products. You, who are in- 
terested in this field, should know 
more about our equipment and ser- 


vices. We would be very pleased to 
give you full information and to put 
you on our mailing list. Just ask your 
secretary to fill in this coupon and 
post it to:— 


r--------- 


Office Heating 
Humidity control 
Constant conditions in 
laboratories or 
standards room 
Boilerhouse 
instrumentation 


Diesel jacket tempera- 
ture control with waste 
heat recevery 
Maintenance of existing 
automatic controls and 
instrumentation 
Control of electro- 
thermal storage 


Refrigeration control 
Control of drying 
B.T.U. Measurement 
Factory Heating contro! 
Heat extraction from 
Process Control radar or computer 
Steam pressure reducing rooms 

Control air conditioning Marine applications 


Address 


Dccasianitbiieeiisttinsenitniniganes tabvecdintendieeatineidtinmemniadinieel 


contro! 


£0.170. 


Thermo 


JST. 


2-6 VALENTINE PLACE, BLACKFRIARS ROAD, LONDON, S.E.! 
Tel: WATerloo 7356 
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yy Hetay 


THE KETAY RANGE of servo mechanisms meets 
every requirement of industry and the Armed Services 
and includes the following :— 
SYNCHROS Control Transmitter, Control Transformer, 
Control Differential 
Torque Transmitter, Torque Receiver, 
Torque Differential 
RESOLVERS, SERVO 


TACHOMETER GENERATORS, MOTORS, 


GEAR HEADS, MAGNETIC AND TRANSISTORISED AMPLIFIERS 


Type Approval — 
Ketay Synchros 


Ketay size 15 synchro range has 
received type approval from 
the Ministry of Supply. 


M.O.S. and A.R.B. 
Design Approved 


The majority of these units are available for early delivery and 
are manufactured to N.A.T.O. and M.O.S. specifications, 


Servo Systems 

The design, development and production of all types of 
Servo Systems for aircraft and industrial use is undertaken 
by Ketay Limited, and our Representative will be pleased 
to call and discuss your requirements. 


KETAY LIMITED - Eddes House « Eastern Avenue West 


Romford - Essex - Telephone: Seven Kings 6050 


@ xs 
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